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1. GENERAL INTRODUCTION 
The study of the regulation of eukaryotic gene expression is 
of central interest in the field of molecular biology today. 
Because of the differentiation of eukaryotic tissues, the 
regulation of expression of the genes in higher organisms 
rray be far more complex than in prokaryotes. The easiest way 
to study the regulation of eukaryotic gene expression is in 
systems in which one or a few genes only can be induced spe­
cifically. Such a system is the heat shock system, first 
discovered in Drosophila Ъивскгъ by Ritossa (1962) and later 
shown to be present in all organisms studied (see below). 
The heat shock genes can be induced specifically simply by 
elevating the temperature (heat shock). 
The reasons for studying the regulation of gene ex­
pression in Drosophila as an eukaryotic model system are ob­
vious. Drosophila can be studied at the molecular level by 
recombinant DNA techniques: its genome is relatively small 
and it can therefore be cloned without too many problems. 
Drosophila can also be studied genetically: many mutants 
are known and available or can be isolated after mutagenic 
treatment. Thirdly, Drosophila chromosomes can easily be 
studied cytologically. In the oolytene chromosomes found in 
the salivary glands of third instar larvae, it is possible 
to look directly at gene activity as indicated by the un­
folding of the condensed DNA at specific loci resulting in 
the puffing of the chromosomes. Transcriptional activity can 
be detected in the polytene chromosomes after incubating the 
salivary glands with the RNA precursor H-undme. In those 
loci on the chromosomes which contain actively transcribed 
DNA sequences, there is an accumulation of H-RNA, which can 
be visualized after autoradiography. Another very important 
11 
advantage of the use of polytene chromosomes is the ease 
by which hybridization of DNA or RNA to the chromosomes can 
be visualized. This method is called ъп sztu hybridization 
and is for example extremely useful in screening recombinant 
DNA clones for the desired sequence (this thesis). 
In this introduction a general overview of the present 
knowledge of the heat shock system will be given. The chap­
ters 2 to 5 contain the experimental part of this thesis. 
Some aspects of the genomic structure of heat shock locus 
2-48B in Drosophila hydev will be described. The last sec­
tion of this thesis contains the discussion and the summary. 
2. THE HEAT SHOCK SYSTEM 
In the last decade many investigators have studied the heat 
shock system primarily m Drosophila melanogaster (for re­
view, see: Ashburner and Bonner, 1979; Petersen and Mitchell 
1983; references to original literature can be found there). 
The discussion presented here will deal primarily with fea­
tures of the heat shock system in Drosophila. In response 
to an elevation of temperature, from 25 to 37 C, the en­
tire pattern of gene expression is altered in a very rapid 
and well organized manner. The induction of the heat shock 
puffs, previously silent sites on the polytene chromosomes 
which show activity after elevation of temperature, is al­
ready visible within a minute after heat shock. The trans­
cription at most previously active regions of the genome 
is greatly reduced, and within 15 minutes the protein syn­
thetic pattern changes from the production of a great va­
riety of 25 С 'normal' proteins, characteristic of the va­
rious tissues and cells, to the production of a small num­
ber of non tissue specific proteins: the heat shock pro­
teins (abbreviated as 'hsp' followed by the molecular weight 
in kiloDaltons) (Tissières et al., 1974). 
The heat shock effect is not restricted to Drosophila: 
it has already been demonstrated in a variety of organisms: 
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Escherichia eoli (Yamamori and Yura, 1982), Saccharomyces 
(Finkelstein et al., 1982), Protozoa (Guttman et al., 1980), 
plants (Sachs and Freeling, 1978), Chironomus (Santa Cruz 
et al., 1981), Dictyostelium (Loomis and Wheeler, 1982), 
Xenopus (Bienz and Gurdon, 1982), mice (Corees et al., 1981) 
and chicken (Kelley and Schlesinger, 1978). Apparently, the 
heat shock response is an universal cellular response. 
The induction stimulus however, is not merely restric-
ted to a simple elevation of temperature. A number of other 
external inducers of the heat shock system are known. For 
instance, the heat shock response can be induced by recovery 
from a period of anaerobiosis, by adding uncouplers of the 
oxidative phosphorylation such as 2,4 dinitrophenol, dicu-
marol and NaSalicylate; by adding inhibitors of the respira-
tory chain, such as NaAzide, amytal, rotenone, antimycin A 
and 2-heptyl-4-hydroxy-quinoline-N-oxide (HQNO) (Ashburner 
and Bonner, 1979); by treatment with arsenite (Vossen et al., 
1977) which also interferes with the mitochondrial metabo-
lism, or with several other chemicals such as benzamide 
(Lakhotia and Mukherjee, 1980) and vitamin B6 (Derksen et 
al., 1974; Brady and Belew, 1981) which induce some heat 
shock loci specifically. The heat shock response is a res-
ponse to almost every metabolic stress encountered by the 
cells (Hammond et al., 1982). It is probably induced by a 
mitochondrial factor, as suggested by Sin (1975) who in-
jected the supernate of in vitro heat shocked mitochondrial 
suspensions in the cytoplasm of salivary gland cells of 
D. hydei. He found puffing at least at two heat shock loci. 
However, when isolated polytene nuclei were incubated with 
extracts of heat shocked Drosophila cells, Bonner (1981) 
found inducers of the heat shock loci in D. melanogaster 
to be located exclusively in the cytoplasm. 
In general, as in this thesis, the heat shock response 
has been achieved by the temperature elevation to 37 C. It 
must be kept in mind that some of the phenomena observed 
during a heat shock may be due to the particular inductive 
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stress and are not necessarily part of the 'heat shock sy­
stem' itself. For example, the ATP level decreases during a 
heat shock, but not during arsenite treatment (Vossen et al., 
1977). The decrease in ATP level is thus not part of the 
'heat shock' system itself, but could cause additional al­
terations in the cellular metabolism. 
3.1. PUFFING, TRANSCRIPTION AND TRANSLATION DURING HEAT SHOCK 
The heat shock response in Drosophila can be studied at least 
at two different levels: the transcriptional and the trans-
lational level. The changed puffing pattern in salivary gland 
chromosomes is the first visible response to the heat shock. 
In Drosophila melanogaster there are nine heat shock loci 
which show puffing after an elevation of temperature: the 
тацог heat shock loci 67B, 87A, 87C, 93D, 95D and 63BC and 
the minor heat shock loci 33B , 64F and 70A (Ashburner and 
Bonner, 1979). In Drosophila hydeb there are at least four 
heat inducible loci: 2-32A, 2-36A, 2-48B and 4-81B (the major 
heat shock loci). A fifth heat shock locus, locus 4-85B, is 
not clearly puffed in salivary glands but can be shown to 
be active in tissue culture cells (Sondermeyer and Lubsen, 
1979) . 
The pattern of RNA synthesis during a heat shock can 
be visualized by autoradiography after H - u n d m e incorpo­
ration at the heat shock puff sites (a.o. Lindquist-McKenzie 
et al., 1975). Another method of studying the pattern of 
RNA synthesis is the immunochemical analysis of the sites 
containing RNA polymerase II. After a heat shock the changing 
puffing pattern is accompagnied by a redistribution of RNA 
polymerase II from previous active sites to the newly indu­
ced heat shock loci (Bonner and Kerby, 1982; Jamnch et al., 
1977) . 
The kinetics of the heat shock RNA synthesis were first 
studied by Spradling et al. (1975) m D. melanogaster and, 
indirectly, by Koninkx (1976) m D. hydev. They found that 
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the amount of this heat shock RNA increases during the first 
two hours of heat treatment. The half lives of the mRNAs 
coding for the hsps are about 2.5 hours in D. melanogaoter 
and about 4 hours in D. hydei. In both species the poly A+ 
polysomal heat shock RNA can be divided in two classes. The 
12S class codes for the small major hsps and contains trans­
cripts hybridizing to heat shock locus 67B in D. melanogas-
ter or locus 4-85B in D. hydei and the 20S class codes for 
the large major hsps and contains transcripts of which the 
largest in D. melanogasler hybridizes to locus 63BC, the se­
cond largest to both loci 87A and 87C and the smallest to 
locus 95D (Spradlmg et al., 1977). The 20S RNA class of 
D. hydet contains transcripts hybridizing to loci 2-32A, 
2-36A and 4-81B. Locus 2-32A hybridizes also to some extent 
with the 12S RNA (Sondermeyer and Lubsen, 1978, 1979). The 
transcripts of the major heat shock loci 93D in D. melano-
gaster and 2-48B in D. hydez remain mostly in the nucleus, 
as will be discussed later. Four of the five heat shock loci 
found in D. hydez are homologous with the major heat shock 
loci of D. melanogastev. locus 2-32A with the duplicate loci 
87A and 87C; locus 4-81B with locus бЗВС; locus 4-85B with 
locus 67B and locus 2-36A with locus 95D. Locus 2-48B and 
locus 93D are to some extent homologous as will be discussed 
in the experimental part. 
The гп sbtu hybridization pattern of the mRNAs, syn­
thesized during heat shock, already suggest that the heat 
shock loci contain the genes coding for the heat shock pro­
teins. This is indeed the case. 
In D. melanogaster heat shock locus 67B codes for all 
the small heat shock proteins: hsp27, hsp26, hsp23 and hsp22. 
The unique genes for these four heat shock proteins are all 
lying in a 12 kb DNA fragment (Corees et al., 1980; Wads-
worth et al., 1980; Craig and McCarthy, 1980; Ingolla and 
Craig, 1982). The genes are placed in the order hsp27-hsp23-
hsp26-hsp22 in the genome, with hsp26 oriented in an opposite 
direction to the others. Unfortunately there are no data 
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available upon the probable coding function of locus 4-85B 
of D. куаег for the small heat shock proteins. Locus 95D of 
D. melanogaster codes for hsp68 and its homolog in D. hydei 
locus 2-36A for hsp67b. Locus 63BC and locus 4-81B code for 
the largest hsps: hsp83 m D. melanogaster and hsp70 in D. 
hydei. The gene coding for hsp83 is the only heat shock gene 
that has an intron (Holmgren et al., 1979; 1981). Hsp83 
(or its homolog in D. hydei) is also present in control 
tissue culture cells (O'Connor and Lis, 1981; Sondermeyer 
and Lubsen, 1979) , but after a heat shock the concentration 
of this protein is much enhanced. 
Locus 2-32A m D. hydei codes for hsp67a and its ho-
mologs in D. melanogaster, loci 87A and 87C, code for hsp70. 
These latter two loci are by far the most studied and best 
known heat shock loci. Usually 87A contains two repeats and 
87C three repeats of the hsp70 gene, although strains with 
5 repeats of the hsp70 gene at locus 87C have been found 
(Leigh-Brown and Ish-Horowicz, 1981). Locus 87C further 
contains several additional repeats of the non coding but 
transcribed and heat inducible α,β and γ sequences. Only the 
γ sequence is also found at locus 87A. These multiple re­
peats will be discussed in more detail later in this intro­
duction. The molecular structure of the regions of these 
loci coding for hsp70 is now very well known. Most of the 
DNA has been cloned and sequenced (Schedi et al., 1978; 
Mirault et al., 1979; Gausz et al., 1979; Moran et al., 
1979; Artavanis et al., 1979; Ingolla et al., 1980; Ish-
Horowicz and Pmchin, 1980; Karch et al., 1981). The two 
repeats of the hsp70 gene at locus 87A are closely linked 
and oriented in the opposite direction. Locus 87C contains 
two tandem repeats of the hsp70 gene separated from the 
third repeat by a spacer of 38 kb containing the α β repeats. 
Lis et al. (1978) and Hackett and Lis (1981) have found 
that the 5' flanking regions of the hsp70 genes and the α β 
sequences are almost completely homologous; the coordina­
ted induction of the RNA synthesis at this locus is probably 
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located in these homologous regions. 
3.2. REGULATION OF THE HEAT SHOCK RESPONSE 
The heat shock response is regulated at least at two dif­
ferent levels (Ashburner and Bonner, 1979): at the trans­
criptional and at the translational level. 
Regulatton at the Ьгапваггрігопаі level 
After heat shock specific changes are found m the puffing 
pattern, in the H undine incorporation pattern and in the 
pattern of RNA polymerase II accumulation. This enzyme ac­
cumulates not only at the heat shock puffs: a lower, but 
significant accumulation during a heat shock is also found 
at some non puffed loci (Bonner and Kerby, 1982). Indeed, 
there are several reports that the number of genes involved 
in the heat shock response - and, as a consequence, the num­
ber of heat shock proteins - is much larger than commonly 
noted in D. melanogaster (Lis, Neckameyer et al., 1981; 
Mitchell et al., 1979). It is important to state that these 
minor activities have been studied only after a heat treat­
ment; it is not known if the same activities can be found 
with other inductors such as arsenite for instance. There­
fore it is possible that this is merely an effect of the 
temperature and not a common stress effect. 
During heat shock the synthesis of normal (25 C) 
mRNA decreases, of heat shock mRNA increases and the rRNA 
synthesis continues. However, Jacq et al. (1977) have shown 
that there is also a rapid disruption of the normal proces­
sing of the primary transcription product of the rRNA cis-
trons; Rubin and Hogness (1975) have shown that the proces­
sing of 5S RNA is inhibited. 
During continued heat treatment the heat shock in­
duced puffs slowly regress (Ashburner and Bonner, 1979), 
but synthesis and accumulation of the hsps continue. After 
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6 to 8 hours of treatment the hsps form a substantial part 
(up to 10%) of the total cellular protein (Ashburner and 
Bonner, 1979). The synthesis of at least some of the heat 
shock proteins is necessary for puff regression since it 
has been shown that cycloheximide treated salivary glands 
show no regression of the heat shock puffs (Ashburner and 
Bonner, 1979). 
After cessation of the heat treatment, the heat shock 
puffs only gradually regress and the heat shock proteins 
continue to be synthesized for a long time, due to the long 
half lives of their mRNAs (Ashburner and Bonner, 1979). The 
exact kinetics of regression depend on the severeness of the 
treatment. 
Since the heat shock loci are activated more or less 
coordinate during a heat shock, it was obvious to look for 
homologous presumptive regulatory regions. Pelham (1982) 
found that the homology between the five heat shock genes 
coding for hsp70 extends more than 350 bp upstream from the 
genes. Holmgren et al. (1979, 1981) found also homologies 
upstream from the transcription units of the heat shock 
genes of the loci 87A, 87C, 63BC and 67B, suggesting a ge-
neral and conserved regulatory pathway for these genes. Part 
of this upstream region is necessary for heat inducible 
transcription as has been shown by Corees et al. (1981), 
who inserted a D. melanogastev hsp70 gene with its promotor 
sequences in the mouse genome. The mouse makes this hsp70 
after a heat shock indicating that there is a conservation 
of the regulatory mechanism. Similar conservation is found 
in other systems (Nevms, 1982; Pelham, 1982; Burke and 
Ish-Horowicz, 1982). The temperature required to induce ac-
tivity is in all cases characteristic of the host cells in 
which the Drosophila gene has been inserted, not of the 
flies from which the gene originally was obtained. 
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Regulation at the translattonal level 
The response to a heat shock is very rapid: after 15 minutes 
of heat shock there is already S methionine incorporation 
found in the newly synthesized heat shock proteins. After 
one hour, 90% of the label is found m the heat shock pro­
teins (Lindquist, 1980). This almost immediate cessation of 
synthesis of normal proteins together with the rapid start 
of the synthesis of the hsps cannot be merely a consequence 
of the accumulation of newly induced heat shock RNA, there 
must also be a translational control mechanism. This control 
mechanism is clearly seen when cells are treated with acti-
nomycin D during heat shock. They then do not synthesize heat 
shock mRNA and therefore this treatment prevents the ap­
pearance of the heat shock proteins, yet the synthesis of the 
25 С proteins, whose mRNAs are still present, ceases within 
5 minutes and the pre-existing polysomes are depleted. The 
25 С mRNAs are not actively degraded during a heat treatment 
(Lindquist, 1981). Upon cessation of heat shock they are 
reused by the translational machmary if the treatment has 
not been extended longer than two hours at 37 С and has not 
exceeded 39-40 C. The exact recovery time after a heat shock 
depends on the amount of stress applied. Therefore the ki­
netics of the switch of the protein synthetic pattern during 
or after a heat shock are not compatible with a simple con­
centration dependent competition for the two kinds of mRNAs 
(25 and 37 С RNA) and there must be a separate regulation 
(Ballinger and Pardue, 1983). Scott and Pardue (1981) have 
suggested that the translational regulatory elements are 
associated with the nbosomes. These translational regulators 
may not be specific for Drosophila, because Drosophila ly-
sates containing those regulators are capable of discrimi­
nating between heat shock and non heat shock mRNAs of other 
organisms. 
In Saccharomyces cerevisiae there is no translational 
control found (Lindquist, 1980). This results in the trans-
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lation of all preexisting 25 С mRNAs during heat shock until 
there are no more such RNAs left: the heat shock response is 
less prompt and the change in the protein synthetic pattern 
is gradual. In Xenopus oocytes, on the contrary, there is 
only a translational control found: heat shock induces the 
translation of preformed heat shock mRNAs (Bienz and Gurdon, 
1982) . 
The regulatory mechanism during a heat shock is not 
strictly coordinated. For instance, there are differences 
found at different induction temperatures in the size of 
the heat shock puffs (Livak et al., 1978), there is also a 
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different incorporation pattern of H undine (Lindquist, 
1980) and a different protein synthetic pattern: between 30 
and 35 С there is a gradual change in the synthesis of nor­
mal proteins towards heat shock proteins. Mitchell et al. 
(1979) found 14 new heat shock proteins within this tempe­
rature traject. From 35 to 38 С there is a selective heat 
shock protein synthetic pattern and the total synthesis stops 
at 39O-40OC. Thirty minutes at 40OC is lethal for the cells. 
There are not only differences found in the sizes of 
the puffs; some puffs can be induced selectively. For in­
stance the heat shock locus 2-48B in D. hydez can be induced 
specifically by vitamin B6 (Derksen et al., 1974; Brady and 
Belew, 1981) and locus 93D in D. melanogaster by benzamide 
(Lakhotia and Mukherjee, 1980). Furthermore, some but not 
all hsps are found during normal development (see below). 
3.3. FUNCTION OF THE HEAT SHOCK PROTEINS 
The function of the heat shock has been much speculated 
about and, correlated with it, the function of the heat 
shock proteins. After heat shock there is an accumulation 
found of the small hsps in the nucleus. They are probably 
attached to the chromatine (Arrigo, 1980). By immuno­
fluorescence, Arrigo and Ahmad-Zadeh (1981) demonstrated in 
D. melanogas ter that after cessation of the heat shock the 
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small hsps migrate into the cytoplasm and return again to 
the nucleus after a renewed stimulus. The precise function 
of the nuclear hsps is unknown; they may play some regula­
tory or structural role. The cellular location of hsp70 has 
been suggested to be associated with either the nuclear- or 
the cytoskelet. The hsp83 remains in the cytoplasm during 
heat shock. 
Mitchell and coworkers (1979) show that the appearance 
and disappearance of the hsps parallels the expression of 
thermotolerance. Thermotolerance is the enhancement of sur­
vival upon subsequent exposure to lethal temperatures when 
cells are pretreated at high, but not lethal temperatures 
for a longer time, or at lethal temperatures for a shorter 
time, followed by a period of recovery. In a deletion mu­
tant of Dictyostelium (Loomis and Wheeler, 1982), which 
does not synthesize the small hsps, no induction of thermo­
tolerance could be found, indicating that at least the small 
hsps are involved with it. 
Minton et al. (1982) suggest that one of the functions 
of the heat shock proteins is the stabilization of other 
proteins in a non specific fashion. They argue against an 
enzymatic role for the hsps on the basis of the great amount 
of hsps synthesized after heat shock. However, Leenders et 
al. (1974) found an increase in the activity of enzymes 
which participate in the respiratory metabolism. These in­
creased enzyme activities are probably part of the homeo-
static response of the cell to the stress on the cellular 
metabolism imposed by the puff inducing treatments. Some of 
these enzymes are mitochondrial NADH dehydrogenase, isoci-
trate dehydrogenase and tyrosine aminotransferase (Koninkx, 
1975; Sin and Leenders, 1975). Brady and Belew (1981) sug­
gested that one of the minor hsps of D. hydev is one of 
these enzymes, namely tyrosine aminotransferase (TAT). 
Recently, Vossen et al. (1983) found that the change in the 
activity of α-glycerophosphate dehydrogenase (a-GPDH) is 
due to a modification factor, a de novo synthesized product. 
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These data and earlier results of Koninkx (1975a and 1975b) 
indicate that modifications of the respiratory mechanism ma 
be the response of the cells to a metabolic stress, which 
may possibly primarily affect the mitochondria. However, 11 
is not clear to what extent the major hsps oarticioate in 
this modification mechanism. 
Normal protein synthesis stops after heat shock at 
all developmental stages; heat shock protein synthesis afte 
heat treatment is only induced at blastoderm and later sta­
ges (Dura, 1981). However, during a normal development with 
out heat shock an accumulation of mRNAs coding for hsp83, 
hsp27 and hsp26 has been found in D. melanogaster in adult 
ovaries and in preblastoderm embryos (Zimmerman et al., 
1983). Ireland et al. (1982, 1983) showed that ecdysterone 
induces the transcription of the small hsps in salivary 
gland cells. This indicates also a function for the heat 
shock proteins during development. 
3.4. Ч0'1 РЧОПГі". CODING НЕМ ЗНОСУ TRAUSCRIPTS III 
D. ΊΠ MWGASL'tR AND D. H Y DE I 
Loci 87C and 93D in D. melanogaster and 2-48B m D. hydei 
contain DNA sequences whose transcripts remain in the nu­
cleus. Locus 87C contains besides the repeated hsp70 genes, 
three different repeated sequences: α, β and γ. The orga­
nization of these repeats has been studied extensively 
(Lis et al., 1978). The γ repeat is not exclusively found 
in locus 87C, but also in locus 87A. This sequence is clo­
sely homologous to the upstream 5' region of the hsp70 
genes. Small parts of this element may be transcribed. Locu 
87C contains at least 21 tandem repeats of αβ interspersed 
with αγ. The transcribed uß sequences remain in the nucleus 
as demonstrated by Hemcoff and Meselson (1977). These se-
quences have been found exclusively in D. melanogaster: 
they are not even present in D. simulans, a very closely 
related species (Livak et al., 1978), nor in D. hydei (this 
thesis). Hackett and Lis (1981) suggested that the α 3 re­
peats were attached to a transposon which could have inser­
ted at locus 87C and could be accidently placed under heat 
shock control at this locus. Lis, Ish-Horowicz and Pmchin 
(1981) showed that the α and В sequences can also be found 
in the chromocentre of the polytene chromosomes. However, 
these sequences are not tandemly repeated in the chromo­
centre and are not transcribed, since all of the RNA homo­
logous to these αβ sequences is transcribed at locus 87C1. 
These sequences have probably no function in the heat shock 
response. 
Locus 93D is the only heat shock locus in D. melano-
gaster of which the DNA has not been cloned. No translation 
product of this locus is known (Lakhotia and Mukherjee, 1982). 
Its transcript is found mainly in the nucleus (Lengyel et 
al., 1980) but some cytoplasmic RNA is also found. The pre­
sence of a second transcription unit for the cytoplasmic 
RNA cannot be excluded. The transcription unit for the nu­
clear RNA was guessed to be 9.6 kb. The nuclear transcripts 
are reported to be poly A+ and poly A-, while the cytoplas­
mic transcripts are poly A- (or possess a poly A tail too 
short to be detected by oligo dT columns as suggested by 
Hemcoff and Meselson ( 1977 ) , (Spradling et al., 1975 and 
1977; Lengyel et al., 1980). Locus 93D can be selectively 
activated by treatment with benzamide (Lakhotia and Muk-
herjee, 1980) . 
The transcript of heat shock locus 2-48B of D. hydev 
also remains in the nucleus. Our interest is mainly direc­
ted towards this heat shock locus, because it has some re­
markable characteristics. Its major transcript has an ap­
parent size of 40S. This was demonstrated by isolating tips 
of second chromosomes of D. куаег (Bisselmg et al., 1976). 
After selective induction of locus 2-48B by vitamin B6, 
Belew and Brady (1981a, 1981b) found a protein of 40 kD 
which they suggested to be tyrosine aminotransferase (TAT). 
It is possible that this is the translational product of the 
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minor cytoplasmic 16S transcript of locus 2-48B, which has 
a lower sequence complexity than the nuclear transcript 
(Lubsen et al., 197Θ). Another remarkable property of this 
locus is the production of complex RNP particles. These 
giant particles (diameter 3000 A) were studied by Derksen 
and coworkers (1974, 1975, 1976a and 1976b). These are com­
plexes of smaller RNP particles, with a diameter of about 
300 8. Recently, Dangli et al. (1983) have found such a 
giant RNP particle also in locus 93D of D. melanogaster. 
Furthermore, monoclonal antibodies raised against chromo­
somal proteins of D. melanogastev showed staining after a 
heat shock exclusively to locus 93D in D. melanogastev, 
or locus 2-48B in D. hydei or to the cytologically homolo­
gous locus 20CD of D. virilis. The antigens in the heat 
shock puffs are associated with the complex RNP particles 
as has been visualized by immunochemistry. These data sug­
gest that locus 93D of D. melanogastev and locus 2-48B of 
D. hydei are homologous. However, no sequence homology has 
been found in the transcribed regions (this thesis). 
4. INTRODUCTION TO THIS THESIS 
The main purpose of this thesis is the study of the struc­
ture of heat shock locus 2-48B in Drosophila hydei. Its 
function is unknown. Since this locus has no known trans­
lation product encoded by its major transcript of 40S, the 
suggestion of a regulatory function for this transcript is 
an obvious one. In chapter 2 to 5 some characteristics of 
this RNA and its transcription unit are described. 
In chapter two we have studied the divergence of this 
locus with respect to its RNA sequence in several more or 
less related Drosophila species. 
In chapter three the exact location of the heat shock 
band in the polytene salivary gland chromosomes was deter­
mined and its DNA content on the haploid level was measured. 
In chapter four the cloning of a cDNA of the 2-48B 
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transcript in plasmids is described and with such a 2-48B 
clone a more detailed molecular study of this locus was 
started. 
In chapter five the intrigueing problems of the 2-48B 
transcript were studied by sequencing the cDNA clone and by 
trying to clone the entire transcription unit. Several ge-
nomic clones have been isolated. With the aid of these 
clones the transcription unit was further characterized 
and the unusual structure of this heat shock locus is dis-
cussed with reference to our results. 
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CHAPTER I I 
CH ROMOS ОМА (BE RL.) 
(1980) 81, 271-280 
RAPID SEQUENCE DIVERGENCE IN A HEAT SHOCK LOCUS 
OF DROSOPHILA 
F.P.A.M.N. Peters, N.H. Lubsen and P.J.A. Sondermeyer 
ABSTRACT 
In situ hybridization of cRNA transcribed from cloned D. 
melanogaster heat shock sequences to D. hydei chromosomes 
has shown that the D. hydei locus 2-32A corresponds to the 
D. melanogaster locus 87A/C and the D. hydez locus 2-36A 
to the D. melanogastev locus 95D, while the D. hydez locus 
4-81B corresponds to the D. melanogaster locus 63BC. No hy­
bridization to D. hydei chromosomes was found with cRNA 
transcribed from a clone containing the αβ sequences enco­
ded by the D. melanogaster locus 87C. Neither D. melanogas­
ter heat shock RNA nor D. vivilis heat shock RNA hybridized 
significantly to the D. hydei heat shock locus 2-48B. Fur­
thermore, D. hydei heat shock RNA did not hybridize to the 
cytological homologs of locus 2-48B found in D. repleta or 
in D. Vbvilis. D. hydez heat shock RNA did hybridize to the 
cytological homologs of locus 2-48B in D. neohydei and D. 
eohydei, both of which belong to the hydei subgroup. 
lUTROmCTION 
All Drosophila species studied so far have heat shock genes, 
i.e., a set of genes that is specifically induced by trans­
ferring tissue from 25 С to 37 С (for review, see Ashburner 
31 
and Bonner, 1979). The characteristics of the heat shock 
response is similar in the various species studied more clo-
sely and it is generally believed that the heat shock genes 
in these species are homologous genes, i.e., that they are 
phylogenetically related. Indeed, it can be easily shown 
with the use of cloned DNA that some heat shock genes of D. 
melanogasier and D. hydei are closely related (see Results). 
Some differences between species do however exist. For ex-
ample, one of the heat shock loci in D. hydsi, locus 2-48B, 
can be induced with vitamin B6 and produces a large and com-
plex RNP particle (Leenders et al., 1973). Furthermore, it 
produces RNA that is mainly confined to the nucleus (Lubsen 
et al., 1978). Neither induction of a heat shock locus with 
vitamin B6 nor production of a complex RNP particle by a heat 
shock locus have been found m D. melanogastev (Derksen, 
1975),so that, no obvious cytological homology exists be-
tween locus 2-48B of D. hydez and any of the heat shock sites 
in D. melanogaster. From linkage data it could be surmised 
that locus 2-48B of D. hydei and heat shock locus 93D of D. 
melanogaster are related, since both map close to the ebony 
locus (Scalenghe and Ritossa, 1977; Lubsen, unpubl.). Alter-
natively, the heat shock locus 87C of D. melanogaster could 
contain sequences homologous to locus 2-48B, since locus 
87C also produces RNA (the aß sequences) that is found only 
in the nucleus (Henikoff and Meselson, 1977), although others 
have detected it also in the cytoplasm (Lis et al., 1978). 
A second transcript of locus 87C is virtually identical to 
the mRNA transcript of locus 87A, both coding for a 70,000 
dalton protein ( Ish-Horowicz et al., 1979). Surprisingly, 
the αβ sequences of locus 87C are not found in D. simulane, 
which is closely related to D. melanogaster, although the 
87A/C mRNA sequences are present (Livak et al. 1978). It is 
thus of interest to determine whether the αβ sequences are 
present in the much more distantly related D. hydei, and, 
furthermore, to test whether heat shock RNA isolated from 
D. melanogaster cells hybridizes to locus 2-48B of D. hydei. 
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In contrast to the situation m D. melanogaster, in­
duction of a heat shock locus with vitamin B6 and produc­
tion of the complex RNP particles is found in D. і гіъз: 
its locus 20CD is cytologically homologous to locus 2-48B 
of D. hydei (Derksen, 1975; Gubenko and Bancheva, 1979). 
Moreover, within the repleta group, to which D. hydei be­
longs, heat shock loci cytologically homologous to locus 
2-48B have been identified on the basis of the banding pat­
tern of the polytene chromosomes (Berendes, 1965). By in 
situ hybridization of D. hydei heat shock RNA to the poly­
tene chromosomes of D. neohydez, D. eohydei, D. repleta and 
D. ггіііз and by in situ hybridization of D. vvrilis heat 
shock RNA to D. hydei we have tested whether the homology 
in cytology,as found in the repleta group and in D. virilis, 
is accompagnied by sequence homology of the RNA transcripts 
of these loci. As we show below, locus 2-48B shows sequence 
homology only within the D. hydei subgroup, not elsewhere. 
MATERIALS AND METHODS 
H labeled RNA was isolated from heat shock tissue culture 
cells of D. hydei and D. melanogaster or from primary cul­
ture cells of D. neohydei and D. virilis as previously des­
cribed (Lubsen et al., 1978). cRNA from plasmids 232.1 and 
232.2 was kindly donated by M. Meselson, cRNA from the other 
plasmids used in this study were prepared as described by 
Livak et al. (1978). 
Conditions for in situ hybridization were as descri­
bed previously (Lubsen et al., 1978) except that 6 χSSC was 
used and the hybridization temperature was 60 C. The sites 
of hybridization of the polytene chromosomes were determined 
by using the following chromosome maps: for D. hydei, the 
map of Berendes (1965); for D. repleta, the map of Wasser­
man (1954); for D. virilis the map of Hsu as published by 
Gubenko and Bancheva (1979) . 
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RESULTS 
The homology between h e a t shock l o c i of D. melanogaster 
and D. hydei. 
DNA sequences of s e v e r a l of t h e D. melanogaster h e a t shock 
l o c i have been c loned (for a d e s c r i p t i o n of t h e p lasmids 
used h e r e , see Livak e t a l . , 1978; Holmgren e t a l . , 1979) 
and t h e p r e s e n c e of t h e s e sequences i n t h e D. hydei chromo­
somes can be de termined unambiguously by in situ h y b r i d i ­
z a t i o n . A c c o r d i n g l y , cRNA from t h r e e d i f f e r e n t c l o n e s of 
D. melanogaster h e a t shock l o c i were h y b r i d i z e d t o D. hydei 
s a l i v a r y g land chromosomes: cRNA from subc lone 2 3 2 . 1 , which 
Fig. 1. Hybridization of cloned D. melanogaster heat shook sequences 
to D. hydei chromosomes. 
A. cRNA (1.1 χ 105 cpm/μΐ) from plasmid pPW227 (D. melanogaster 95D 
DNA), exposure time was 35 days. 
B. cRNA (3.0 χ 104 cpm/μΐ) from subclone 232.1 (D. melanogaster 87C 
DNA), exposure time was 60 days. 
C. cRNA (3.0 χ 104 cpm/μΐ) from subclone 244.1 (D. melanogaster 63BC 
DNA), exposure time was 60 days. 
In A and В the long arrow points to locus 2-32A while the short arrow 
indicates locus 2-36A. In С the long arrow points to locus 4-8ІВ. 
c o n t a i n s t h e coding sequence for t h e 70.000 d a l t o n h e a t 
shock p r o t e i n and which d e r i v e s from t h e D. melanogaster 
l o c u s 87C, h y b r i d i z e d r e a d i l y t o l o c u s 2-32A and t o a much 
l e s s e r e x t e n t t o l o c u s 2-36A ( f i g . I B ) . The l a t t e r l o c u s 
h y b r i d i z e d w e l l w i t h cRNA from c l o n e pPW 227, which d e r i v e s 
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from the D. melanogastcv locus 95D. Hybridization to locus 
2-32A was also seen with this cRNA (fig. 1A). These data 
show that the D. melanogibter loci 87A/C are homologous to 
the D. hydei locus 2-32A while the D. meL a n o g a s t e r locus 
95D corresponds to the D. hydev locus 2-36A. Furthermore, 
there is sequence homology between loci 2-32A and 2-36A as 
is found for loci 87A/C and 95D in D. melanoqaster (Holm­
gren et al., 1979). Finally, the D. hydet locus 4-81B hy­
bridized with cRNA from subclone 244.1, which contains the 
coding sequence from D. melanogачter locus 63BC (fig. 1С). 
In contrast, cRNA from subclone 232.2 (which contains the 
αβ sequence encoded by the D. melanogaoter locus 87C) did 
not hybridize at all to any site of the D. hydez chromosome. 
This sequence thus appears to be absent in D. hydez. 
Since no cloned DNA from locus 2-48B of D. hydcz is 
available, we could not directly determine the presence or 
absence of this sequence in D. melanogaiter DNA. We have 
therefore determined whether such a sequence can be found 
in D. mclanogastcr heat shock RNA. H-labeled nuclear RNA 
was extracted from heat shocked D. теіаподаьіег tissue cul­
ture cells and hybridized to D. hi/dez chromosomes. Grains 
were counted over locus 2-32A, which served as a hybridiza­
tion control, and over locus 2-48B. As expected, locus 2-32A 
showed significant labeling with D. melanogaster RNA. How­
ever, little label was seen over locus 2-48B (table 1A. Si­
milar results were obtained using polysomal RNA (data not 
shown). When a threefold excess of unlabeled D. melanogas­
ter heat shock nuclear RNA was added to labeled D. hydez 
nuclear RNA, grains over locus 2-32A were reduced by about 
50% while no significant reduction of grain counts over lo­
cus 2-48B was observed (table IB). These data cannot rule 
out the presence of a sequence homologous to the nuclear 
2-48B sequence in the D. melanogaster genome, but if such 
a sequence is present, it must be transcribed at a much 
lower rate than the other heat shock loci, while in D.hydez 
this transcnot is found in a relatively high concentration 
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Table 1. 
A. Hybridization of D. melanogaster heat shook RNA to D. hydei chromo­
somes. D. melanogaster nuclear heat shock RNA (specific activity: 6.7 
χ 10^ cpm/yg) or D. hydei nuclear heat shock RNA (specific activity: 
3.1 χ 10^ cpm/pg) was hybridized to D. hydei chromosomes as described 
in Methods. Grain counts (± standard deviation) shown in the table were 






2.1 χ 104 
1.0 χ 10 4 
7.5 χ 10 4 
9.4 χ 1θ3 
Grain 
Locus 2-32A 
8.3 ± 2.1 
5.5 ± 1.6 
22.1 + 3.0 
14.0 ± 4.8 
counts 
Locus 2-48B 
0.7 ± 0.7 
0.6 ± 0.5 
12.7 + 1.2 






в. Competition between labeled D. hydei RNA and cold nuclear D. melano­
gaster RNA. D. hydei heat shock nuclear RNA was hybridized at the con­
centration shown in the table in the absence or presence of added D. 
melanogaster cold nuclear heat shock RNA to D. hydei chromosomes as 
described in Methods. The specific activity of the D. hydei RNA was 
3.7 χ 104 cpm/ug, exposure time was 18 days. Grain counts shown (± stan­
dard deviation) are the average of 10 nuclei. 
yq D. hydei yg D. melano- Grain counts 
^H-RNA gaster RNA 
Locus 2-32A Locus 2-48B 
2.8 — 13.0+3.0 12.8+2.3 10 
2.8 8.0 7.6 ± 1.4 12.2 + 3.2 10 
in the nucleus of heat shocked cells (Lubsen et al., 1978) 
Cross hybridization of heat shock RNA between D. hydei, 
D. neohydei, D. eohydei and D. repleta 
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D. neohydei belongs to the same subgroup as D. hydei. The 
salivary gland chromosome maps are identical (Berendes, 
1965). When nuclear heat shock RNA from D. hydei was hybri­
dized to salivary gland chromosomes of D. neohydei, the hy­
bridization pattern obtained was identical with that ob-
Table 2. 
A. Cross hybridization between D. hydei and D. neohydei heat shook looi. 
D. hydei nuclear RNA (s.a. 1.4 χ ICP cpm/ug) was hybridized at 1.3 χ 
IO5 cpm/μΐ, while D. neohydei nuclear RNA (s.a. 2.0 χ IO4 cpm/yg) was 
hybridized at 6.6 χ 10 cpm/μΐ. Exposure time was 31 days. Grain counts 
shown are the average (+ standard deviation) of 20 nuclei. 
Source Grain counts 
of RNA 
D. hydei D. neohydei 
2-32A 2-48B 32A/48B 2-32A 2-48B 32A/48B 
D. hydei 28.8±5.3 18.2+3.2 1.6 20.2+3.0 11.1+1.6 1.8 20 
D. neohydei 27.3±5.6 21.5+2.8 1.3 14.5+2.9 14.4+2.8 1.0 20 
в. Cross hybridization between D. hydei, D. eohydei and D. repleta heat 
shook looi. D. hydei nuclear heat shock RNA (s.a. 7 χ IO5 cpm/ug) was 
hybridized to D. hydei, D. eohydei or D. repleta chromosomes at 3.8 χ 
10^ cpm/μΐ. Exposure time was 79 days. Grain counts shown are the ave­






2 - 3 2 A 
2 9 . 4 ± 7 . 1 
2 0 . 0 ± 6 . 3 
2 3 . 1 ± 7 . 4 
G r a i n c o u n t s 
2 - 4 8 B 
2 8 . 7 + 6 . 1 
1 3 . 2 ± 5 . 8 
0 . 8 ± 1 . 0 
3 2 A / 4 8 B 
1.0 
1.5 






tamed when D. hydei chromosomes were used (table 2A) . Si-
milarly, when nuclear RNA extracted from the heat shocked 
D. neohydet primary cultures was hybridized to either D.hy-
dei or D. neohydei chromosomes, the same hybridization pat-
terns were obtained. Clearly, there is extensive homology 
between the heat shock loci of D. hydei and D. neohydet. 
D. eohydet also belongs to the hydet subgroup but is some-
what more distantly related to D. hydez than D. neohydei: 
interspecies hybrids can still be obtained, but in a very 
low yield (Hennig, 1978) . The polytene chromosome maps are 
still identical (Berendes, 1965). When D. hydei nuclear RNA 
was hybridized to D. eohydeb chromosomes, locus 2-32A was 
relatively more strongly labeled than locus 2-48B, while the 
same RNA preparation gave an approximately equal labeling 
of these loci on D. hydei chromosomes (fig. 2; table 2B). 
These data indicate that either the sequence at the 2-48B 
loci have diverged more than the 2-32A sequences, or that 
there are more gene copies at the 2-32A locus of D. eohyder 
than in D. hydei. At present we cannot distinguish between 
these two alternatives. In any case, some divergence in heat 
shock sequences has occured. 
D. hydev , D. neohydez and D. eohydei all belong to 
the hydei subgroup of the repleta group, while D. repleta 
belongs to the melanopalpa subgroup of the repleta group and 
is more distantly related. Nevertheless, the polytene chro-
mosome maps can be homologized and the heat shock puffs are 
located at the same sites (Berendes, 1965). When the sequen-
ce homology of these loci is tested by hybridizing nuclear 
D. hydei heat shock RNA to D. repleta chromosomes, locus 
2-D5, homologous to locus 2-32A, shows strong hybridization, 
while locus 2-Ai, homologous to locus 2-48B, shows no hy-
bridization at all (fig. 2; table 2B). Thus, although these 
loci are cytologically homologous, they contain different 
DNA sequences. 
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Fig. 2. Hybridization of nuclear heat shook RNA from D. hydei to D. hy-
dei, D. eohydei and D. repleta chromosomes, A. D. eohydei-, в. D. hydei; 
C. D. repleta. Locus 2-32A or 2-D5 {long arrow) and locus 2-48B or 2-Al 
{short arrow) are indicated. For the conditions of hybridization, see 
legend to table 2B 
Cross hybridization of heat shock RNA between D. hydei 
and D. virilis 
D. hydei and D. virilis are too distantly related to allow 
one to homologize the various heat shock puffs merely on the 
basis of the chromosomal banding pattern. To analyze the 
sequence homologies of the heat shock transcripts, we started 
therefore by hybridizing nuclear and cytoplasmic RNA ex­
tracted from heat shocked D. virilis primary culture cells 
to D. hydei chromosomes. We quantitated the grain counts 
over locus 2-32A and 2-48B. As seen in table 3 (and illu­
strated in fig. 3B), significant hybridization was seen over 
locus 2-32A but few grains were present at locus 2-48B. When 
these RNA preparations were hybridized to the D. virilis 
chromosomes, three sites of strong hybridization were seen, 
all on the second chromosome: locus 29C,· locus 23H and lo­
cus 20CD. Locus 29C and 20CD are heat shock loci (Poluekto-
va et al., 1978; Evgen'ev et al., 1978; Gubenko and Bari-
cheva, 1979). The hybridization to these two sites is shown 
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Table 3. 
Cross hybridization between D. hydei and D. virilis heat shock loei. 
D. hydei nuclear RNA was hybridized at 6.3 χ IO4 cpm/μΐ, the specific 
activity was 1.4 χ 10 cpm/yg; while D. virilis nuclear RNA had a spe­
cific activity of 1.0 χ 10 4 cpm/pg and was hybridized at 1.2 χ IO5 
cpm/μΐ. D. virilis cytoplasmic RNA (s.a. 1.0 χ ΙΟ4 cpm/vg) was hybridi­
zed at 9.0 χ IO4 cpm/μΐ. Grain counts (+ standard deviation) were cor­
rected to 40 days exposure time, и indicates the number of nuclei coun­
ted. 
Chromosomes RNA Grain counts D. hydei 
2-32A 2-48B 32A/48B 
D. hydei nuclear 
D. virilis nuclear 














D. hydei nuclear 
D. virilis nuclear 
D. virilis cyti 
29C 20CD 29C/20CD 
ismic 
1 8 . 4 + 3 . 8 
1 7 . 6 + 4 . 9 
1 8 . 0 ± 4 . 3 
2 . 3 + 1 . 3 
2 3 . 3 + 4 . 9 
2 4 . 2 ± 2 . 7 
7 .8 





Fig. 3. Cross hybridization of heat shook ША between D. hydei and D. 
virilis. A. D. virilis nuclear heat shock RNA to D. virilis chromosomes. 
B. D. virilis nuclear heat shock RNA to D. hydei chromosomes. C. D. hy­
dei nuclear heat shock RNA to D. virilis chromosomes. Conditions of hy­
bridization are described in the legend to table 3, the long arrow in­
dicates the loci 2-32A or 29C; the short arrow points to locus 2-48B or 
20CD 
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in figure ЗА and quantitated in table 3. Βγ in situ hybridi­
zation of cRNA from subclone 232.1 we confirmed the sugges­
tion of Evgen'ev et al. (1978) that the D. virilis locus 
29C is the equivalent of the D. melanogaster loci 87A/C and 
thus also of the D. hydei locus 2-32A (figure 4A). Locus 
23H was identified as the histon locus by hybridization with 
cRNA of Àh22, which contains the sea urchin histon genes 
(Schaffner et al., 1976)(figure 4B). The strong hybridization 
of D. virilis heat shock RNA to the third site, locus 20CD, 
is reminiscent of the properties of the 2-48B transcript, 
and this locus is indeed the heat shock puff of D. virilis 
that is, on cytological grounds most likely to be homologous 
to locus 2-48B of D. hydei (see discussion). 
Fig. 4. Localization of cRNA from 
subclone 232.1 (D. melanogaster 
87C DNA) and \h22 (histon DM) 
on D.virilis chromosomes. 
4^ 
23 
A. cRNA from 232.1 at 1.2 χ IO4 
cpm/μΐ. Exposure time was 36 days. 
B. cRNA from Xh22 at 1.2 χ IO5 
cpm/μΐ. Exposure time was 36 days. 
We have also hybridized nuclear heat shock RNA from D. hy­
dei to D. virilis chromosomes. As we have shown previously 
(Lubsen et al, 1978), nuclear heat shock RNA shows strong 
hybridization only at three sites of the D. hydei chromo­
somes: 2-32A, 2-48B and 3-59A (the histon locus). Since 
the homologs of two of these loci in D. virilis are known, 
this RNA preparation can be used to probe for the presence 
of a third site of strong hybridization of the D. virilis 
chromosomes, which would be indicative of a homolog of lo­
cus 2-48B. However, no such hybridization at a third site 
was detected, hybridization was found only on loci 29C and 
23H. Although the putative homolog of the D. hydei locus 
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2-48B, locus 20CD, showed little hybridization, we quanti-
tated the grain counts over that site and compared these 
with the number of grains over locus 29C (table 3). Only 
the hybridization to the latter locus was significant, not 
that to locus 20CD. Thus, if locus 2-48B and locus 20CD are 
indeed homologs, as they appear to be from their cytology, 
then they do not contain similar DNA sequences. 
DISCUSSION 
Since D. melanogaster does not contain a heat shock locus 
that is cytologically similar to locus 2-48B of D. hydez, 
it is perhaps not surprising that little hybridization of 
D. melanogaster heat shock RNA to this site is seen. 
Sequence correspondence would be expected to exist 
between the cytologically very similar loci 2-48B of D. hy-
dez, D. neohydex and D. eohydeb and locus 2-A1 of D. reple­
ta and 20CD of D. ъ гі is. This, however, is not found. We 
find complete correspondence of the 2-48B heat shock loci 
only when D. hydez and D. neohydet are compared. Heat shock 
RNA from D. hydez already shows less hybridization to locus 
2-48B of D. eohydez, while no hybridization is found to the 
putative homologs of 2-48B in D. repleta and D. гггіъз. 
This latter conclusion rests partially on the assignment of 
gene homology on the basis of corresponding banding patterns 
of the polytene chromosomes. This procedure is justified 
for the members of one subgroup (such as D. hydet, D. neo-
hydet, and D. eohydeb) , but becomes more hazardous when 
members of one group are compared: Berendes (1965) has shown 
that the heat shock puff at locus 2-36A in D. hydei is pro­
bably translocated to locus 2-26B in D. meraatorum, but no 
corresponding change in banding pattern could be seen at 
that site. In the same study, Berendes compared D. hydev 
and D. repleta and concluded that in this case -the heat 
shock loci were located cytologically in the same chromoso­
mal regions. The assumption that the D. hydev locus 2-48B 
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corresponds to the D. гггіъа locus 20CD is based upon seve­
ral facts: both contain complex RNP particles (Derksen, 1975; 
Swift, 1959), both are inducible by vitamin B6 (Leenders et 
al., 1973; Derksen, 1975; Gubenko and Baricheva, 1979) and 
both are closely linked to the ebony locus (Evgen'ev et al., 
1978; Lubsen, unpublished). 
It might be argued that the locus 2-48B sequence thus 
exist m D. vivilis, but that it is not located at the ex­
pected site, namely 20CD. Since we find little hybridiza­
tion of D. virilis heat shock RNA to locus 2-48B of D. hy-
dei, this possibility is unlikely, unless the sequence is 
not transcribed during a heat shock. A similar argument can 
be made against the presence of the D. vivilis 20CD sequen­
ce in D. hydei: if it is present, it is not transcribed, 
otherwise hybridization of D. hydei heat shock RNA to locus 
20CD would be seen. 
Thus, there seem to be two classes of heat shock RNA. 
One class codes for the major heat shock proteins and shows 
close sequence homology between various species. For example, 
the protein coding sequence of the D. melanogastev loci 
87A/C is found also in members of the repleta group and in 
D. г гіге. Similarly, the coding sequences of the D. mela-
nogaster loci 95D and 63BC are easily detected in D. куаег. 
The second class of heat shock transcripts shows little se­
quence homology, even between closely related species. 
Examples of this class are the αβ sequences of locus 87C of 
D. me lanogas ter·, the nuclear transcript of locus 2-48B of 
D. hydei and presumably the RNA produced by locus 20CD of 
D. v i r i l i s . They do have in common that they do not appear 
to function as mRNA: a protein product of the αβ sequences 
of locus 87C could not be detected either genetically (Ish-
Horowicz et al., 1979) or biochemically (Livak et al., 1978), 
while the nuclear location of the 2-43B RNA precludes a 
mRNA function. The role of these RNA species in the heat 
shock response is unknown. 
Besides the nuclear RNA, a second, probably mRNA, 
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t r a n s c r i p t f rom l o c u s 2-48B of D. hydei h a s b e e n d e t e c t e d 
(Lubsen e t a l . , 1 9 7 8 ; S o n d e r m e y e r and L u b s e n , 1 9 7 9 ) . T h i s 
t r a n s c r i p t c o n t r i b u t e s a t m o s t 20% of t h e g r a i n d e n s i t y 
found o v e r l o c u s 2-48B a f t e r in situ h y b r i d i z a t i o n of n u -
c l e a r h e a t s h o c k RNA (Lubsen e t a l . , 1978) and wou ld t h e r e -
f o r e h a v e g o n e u n d e t e c t e d i n t h e p r e s e n t s t u d y . I t i s q u i t e 
p o s s i b l e t h a t t h e v a r i o u s l o c i w h i c h show no homology when 
t h e n u c l e a r 2-48B s e q u e n c e i s c o n s i d e r e d , a l l c o n t a i n t h i s 
mRNA s e q u e n c e and wou ld show homology i f t h e mRNA s e q u e n c e 
c o u l d be s t u d i e d . 
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S U'MM'AR v 
The heat shock locus 2-48B situated at the tip of the 
second chromosome of Drosophila hydei has been studied by 
various cytologic methods. 
Both from puffing behaviour and in situ hybridization 
on both wild type animals and heterozygotes for the mutant 
20 
chromosome Df(2)e the actual site is localized in band 
2-48B8. Electron microscopically this band appears to be a 
medium size, dotted band. From cytophotometric measurements 
on Feulgen stained chromosomes and electron microscopic 
observations the DNA content of band 2-48B8 is calculated 
to be approximately 40 kb on the haploid level, with a com­
paction of the DNA of about 160 times. The mterbands 
2-48B7-8 and 2-^888-9, flanking the heat shock band, were 
calculated to contain on the haploid level 1.5 kb and 3.0 
kb respectively. The results are discussed also in relation 




The constancy of the banding pattern of polytene chro-
mosomes during development and in different tissues (1) and 
its conservation during evolution (17) indicates that the 
band structure reflects a basic property of the polytene 
chromosome. Many early studies have been centered around a 
supposed one to one relationship between bands and genes 
(for review: (2)). However, evidence for such a relationship 
is not conclusive and modified or even different interpreta-
tions have been presented (18, 22, 31). If there is a rela-
tion between chromosome structure and transcriptional activity 
it can be elucidated only by a direct study of the structural 
and functional properties of a single band. Such a study 
requires an exact localization of the transcription unit(s) 
m the band together with a detailed description of its 
structural organization (for recent review, see (32)). The 
heat shock band 2-48B of D.hydeb may be a good system for 
such an investigation, because of its small size and the 
progress made in the molecular description of this locus (23). 
The heat shock locus 48B is situated in a region of the 
second chromosome where only thin dotted bands are seen in 
the light microscope. Berendes et al. (5) suggested that the 
heat shock puff arises from band 48B6 and they estimated its 
DNA content on the haploid level to be 18 kb, based on the 
small size of the band. The length of the transcription unit 
in heat shock puff 2-48B was estimated to be about 9 kb (6). 
Recently the distal part of the second chromosome has been 
remapped, resulting in an increase in band number of about 
80% (15). The map indications used here will be those of this 
revised map. In this study we have reinvestigated the region 
46A to 48C both by light and electron microscopy and reas-
signed the heat shock locus to band 48B8. From oui cytophoto-
metnc and electron microscopic data we calculate the DNA 
content of the heat shock band at about 40 kb on the haploid 
level. Since the trancnption unit is estimated to be 9 kb, 
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the DNA excess of this band would be about four times. 
MATERIALS Ai*D УЕТНППІ 
Materials 
Laboratory stocks of 0. hydci were maintained under standar­
dized conditions at 25 C. Salivary glands and brain ganglia 
from late third instar larvae were isolated by hand in a drop 
of Ringer solution. It appeared to be possible to suppress 
activity of the heat shock locus 2-48B after incubation of 
the glands for 4 h m Poels' medium (26) at a precisely con-
troled temperature of 19 C. Puffs m the heat shock locus 
2-48B were induced, after previous inactivation, by short 
temperature treatment at 37 С of the salivary glands in 
Poels'medium. A stock carrying an X-ray induced deletion of 
20 the tip of the second chromosome (deletion Df(2)e ) was 
kindly provided by Dr. Lubsen. 
Electron microscopy of polytene chromosomes 
Salivary glands were fixed in 3% glutaraldehyde, squashed 
in acetic acid and frozen in liquid nitrogen to remove the 
coverslips. However, some preparations were squashed without 
acetic acid. These were used for the measurements on the 
interband fibril diameter. They were not used for other 
purposes since they brake into pieces of about 20 bands 
during squashing. The preparations were stained in haematoxy-
lin for light microscopy, in uranyl acetate for electron 
microscopy and embedded in epon (compare (9)). The prepara­
tions were sectioned on a LKB Ultrotome III using glass 
knives, mounted on formvar coated copper grids and examined 
in a Philips EM 201 at 60 kV at various magnifications. 
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In situ hybridization 
For hybridization we used cRNA from cloned 2-48 cDNA (for 
isolation and characterization of this clone see (23)). The 
cRNA was prepared according to Livak et al. (19). The con­
ditions for the i/ι situ hybridization were as described by 
Lubsen et al. (20), except that the hybridization was car­
ried out in 6 χ SSC and 50% formamide at 420C for 72h. Hy­
bridization experiments were performed on wild type chromo­
somes and on chromosomes that were heterozygous for the 
Df(2)e20 deletion. 
Most preparations for the ¿n situ hybridization were 
made according to standardized procedures, that means fixa-
tion m ethanol/acetic acid (3/1 v/v). Some preparations 
were fixed in methanol/formaldehyde 37%/acetic acid (85/ 
10/5 v/v/v). The banding pattern in these chromosomes was 
better preserved, but the efficiency of the hybridization 
was about 50% lower than in the standard procedure. The 
background on the chromosomes was low, but on the nucleoplasm 
and the cytoplasm the background appeared to be much higher 
than after standard fixation in ethanol/acetic acid. Fixation 
of the chromosomes m buffered aldehydes was not suitable 
in these experiments, since it inhibited hybridization al-
most completely. 
Orcein and fast green staining 
Salivary glands were fixed in ethanol/acetic acid (3/1 v/v) 
and stained m orcein followed by staining in fast green 
FCF (9). The preparations were photographed using 546 AL 
and 254 AL absorbance filters in order to visualize the 
staining pattern of orcein and fast green respectively. 
Feulgen staining procedure 
Salivary glands and brain ganglia were fixed in ethanol/ 
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acetic acid (3/1 v/v) for 2 min, squashed after 30 sec in 
45% acetic acid and, after immediate removal of the coverslip, 
postfixed for 15 to 20 min in methanol/formaldehyde 37%/ 
acetic acid (85/10/5 v/v/v). The squashes were made on slides 
which also carried human metaphases which were prepared from 
a lymphocyte culture and fixed in ethanol/acetic acid (7). 
After 60 min hydrolysis in 5N HCl at room temperature the 
preparations were stained for 60 min in Schiffs reagent, 
prepared from pararosaniline. After washing and dehydration, 
the preparations were passed to xylene and embedded in 
25 
Fluoromount (Gurr) to which Cargille oil (n =1.640) was 
25 
added to result in a η =1.54 (for complete description of 
the procedure see: (25)). Under the conditions used, the 
Feulgen staining is stoichiometric and the preparations can 
be used for quantitative measurements. 
Cytophotometry 
The Feulgen stained preparations were scanned using two types 
of scanning cytophotometry: the standard densitometry in 
which the preparations are scanned directly and the indirect 
method in which the preparations are photographed under 
standardized conditions after which the negatives are scan­
ned (24,25). Because of the magnification of the chromosomes 
on the photographic negatives the distribution error of the 
measurements is lower than in the direct densitometry. There­
fore the photographic method is to be preferred. However, 
since scanning of the entire second chromosomes on negatives 
would be too time consuming, the direct scanning densito­
metry was used to determine what percentage of the DNA of 
the entire polytene chromosomes resides in region 46A to 
48C. All other measurements were made with the indirect 
method. The haploid DNA content of the second chromosome 
was determined from measurements of brain ganglion meta­
phases, with the human metaphase chromosome A2 used as a 
standard of known DNA content. 
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Photography 
The preparations were photographed on a Leitz microscope 
equipped with an Achromat 100/1.30 oil immersion lens in 
combination with a 559 AL absorbance filter. For polytene 
chromosomes we used a Kodak Panatomic-X film, for the meta-
phases an Agfa Ortho 25 orofessional film. The choise of the 
films depended on the range of optical densities in the 
preparations: the strongly contrasted polytene chromosomes 
require a film with a not too steep slope of the Hurter 
and Driffield curve, whereas for the less contrasted meta-
phases a film with more contrast is suitable. The choice of 
illumination intensity and exposure time has been such, 
that the optical densities of the negatives fell in the 
linear part of the Hurter and Driffield curves of the films 
used. The negatives were embedded in immersion oil between 
glass slides for the scanning procedure (compare: 24). 
Scanning procedure 
Both indirect and direct scanning procedures were executed 
under the Arrayscan computer program (25). With the aid of 
a joystick parts of the preparation, visualized on the 
monitor, could be selected and their absorbance determined. 
The direct scanning of the preparations was performed on a 
Zeiss Cytoscan SMP interfaced to a PDP 11/10 computer. 
Measurements were taken at 0.25 μ m intervals with a Zeiss 
Neofluar 100/1.30 oil immersion lens. Photographic negatives 
were scanned with a SMP cytophotometer interfaced to a 
PDP 10/11 computer. Measurements were carried out at 40 μιη 
intervals with a Plan 2.5/0.08 objective lens. The steps 
of 40 um on the negatives correspond to steps of 0.125 urn 
in the preparations. A finer stepwidth on the level of the 
negatives would not increase the resolution since the finest 
details in the chromosomes are lost during the strong hydro­
lysis of the Feulgen procedure. 
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RESULTS 
L o c a l i z a t i o n of t h e h e a t shock gene 2-48B 
I n chromosome p r e p a r a t i o n s of u n t r e a t e d g l a n d s we cannot 
d e t e r m i n e t h e p r e c i s e band o r g a n i z a t i o n of t h e h e a t shock 
r e g i o n , due t o i t s low spontaneous a c t i v i t y (see a l s o : 1 0 ) . 
When g l a n d s a r e i n c u b a t e d i n P o e l s ' medium a t a c o n s t a n t 
t e m p e r a t u r e of 19 С t h e smal l puff a t r e g i o n 2-48B r e g r e s s e s 
and c o m p l e t e l y d i s a p p e a r s a f t e r 2 h ( f i g s . lAa and lAb). Af­
t e r such i n a c t i v a t i o n of t h e h e a t shock r e g i o n , g l a n d s were 
Fig. 1. Light miarosaopy of region 48B after combined orcein and fast 
green staining. 
Aa. I n a c t i v a t e d chromosome, v i s u a l i z a t i o n of the orce in s t a i n i n g . 
Ab. I n a c t i v a t e d chromosome, v i s u a l i z a t i o n of the f a s t green s t a i n i n g . 
Ba. Chromosome a f t e r 3 minutes heat shock, v i s u a l i z a t i o n of the or­
cein s t a i n i n g . 
Bb. Chromosome a f t e r 3 minutes heat shock, v i s u a l i z a t i o n of the f a s t 
green s t a i n i n g . 
Arrow i n d i c a t e s band 48B7, split arrow i n d i c a t e s band 48B8. 
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treated with a 37 С heat shock for 3 minutes. As detected by 
the fast green staining, no acidic protein accumulation can 
be found in the inactivated chromosomes (fig. lAa and lAb). In 
chromosomes that were subsequently heat shocked an accumu­
lation of acidic protein, the first step in puff formation 
(4), is found in the bands 48B7 and 48B8 (fig. LBa and IBb). 
However, some accumulation can also be seen at the bands 
48B9 and 48B10. These latter bands were formerly described 
as the origin of the temperature puff (5). 
Electron microscopic preparations of chromosomes show 
a low puff activity covering the region 48B7 to BIO (fig. 2A). 
After puff induction followed by 60 minutes mactivation 
large particles can be seen at region 48B7 to B8 only. On 
the basis of their morphology these particles are identified 
as the giant RNP particles that are produced in heat shock 
locus 2-48B after puff induction (10),(fig. 2B). Prolonged 
mactivation, up to 4 h, results in a complete disappearance 
of RNP particles and the bands 48B7 and 48B8 can be seen in 
ordinary condensed state (fig. 2C). Band 48B7 appears as a 
medium size band and is consistently about twice as thick 
as band 48B8 (fig. 2C). Band 48B8, moreover, is often dotted. 
The actual thickness of the bands 48B7 and 48B8 is about 
0.17 and 0.08 цт respectively. In the tip of chromosome 2 
we find regularly a few minibands that are not shown in the 
revised map by Grond and Derksen (15): one between 48B8 and 
48B9, and two between 48B10 and 48B11. These bands are indi­
cated by a point in figure 7. Otherwise the band numbering 
is according to the map of Grond and Derksen (15). 
cRNA of cloned cDNA of heat shock locus 2-48B (23) 
was hybridized in sztu on chromosomes that were fixed with 
methanol/formaldehyde 37%/acetic acid. Grains were situated 
above the bands 48B7-B8 only (fig. ЗА): the heat shock locus 
is thus situated in region 48B7 to B8 of the chromosome. The 
mutant Df(2)e is used to determine whether band 48B7 or 
48B8 contains the heat shock locus 2-48B. The deletion 
20 
Df(2J'e is a recessive lethal. In heterozygotes for this de-
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Fig. 2. The submiavosaopia structure of region 48B. A. Non treated 
chromosome. B. Chromosome after 1 h regression of puff 2-48B. C. Chromo­
some with inactivated heat shock locus 2-48B. Arrowheads indicate RNP 
products of heat shock locus 2-48B. Arrow indicates band 48B7, the 
split arrow indicates band 48B8. Τ = telomere. 
Fig. 3. In situ hybridizations with aRNA of aloned aDNA at heat shook 
loaus 2-48B. A. Hybridization on wildtype chromosome, fixed in methanol/ 
formaldehyde 37%/ acetic acid (85/10/5 v/v/v). B. Chromosome heterozy­
gous for deletion Df(2)e20. c. Hybridization on a chromosome heterozy­
gous for deletion Df{2)e , after standard fixation in ethanol/acetic 
acid (3/1 v/v) . 
Arrow indicates band 48B7, the split arrow indicates band 48B8. 
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letion, only the wild type chromosome shows a puff in region 
48B after heat shock. The mutant is deficient for the bands 
48B8, B9 and BIO as can be seen in figure 3B. We used chro­
mosomes of heterozygotes for this deletion for in situ hy­
bridization. Silver grains are only found on the nondeleted 
side of the chromosome (figure 3C). Band 48B7 is thus ex­
cluded as the origin of the heat shock puff and band 48B8 
and/or its flanking mterbands contain the heat shock locus 
2-48B. 
Determination of the haploid DNA content of band 48B8 and 
its flanking mterbands 
The integrated absorbance of squashed neuroblast metaphases 
of 5 female and 5 male larvae of D. hydeb was determined by 
the photographic scanning densitometry, and the correspon­
ding DNA contents were calculated with reference to the hu­
man metaphase chromosome A2 (data not shown). We inferred 
from our data a haploid DNA content of 0.24 ± 0.01 og for 
males and of 0.25 + 0.01 og for females. These values are 
in agreement with previous data (21). 
The absorbance values of individual chromosome pairs 
of three male metaphases were determined (table 1). Except 
the dot-like chromosome 6, all the autosomes are more or 
less similar in appearance. Since chromosome 2 is the second 
largest of the autosomes in the polytene set, we consider 
the second largest of the autosomes in the metaphases to be 
chromosome 2. Even if this assumption was not correct, only 
a small error is introduced because of the similarity in 
size of all autosomes. For chromosome 2 we found a DNA con­
tent of 19% of 0.24 + 0.01 pg or 45.000 + 2000 kb. Two com­
plete polytene second chromosomes were scanned (table 2). 
Region 46A to 48C has a mean integrated absorbance of 4444 
+ 239 (arbitrary units). Chromosome preparation С was not 
included in this calculation as we considered this chromo­
some to be of lower polyteny than the others. Since no inter-
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Table 1. 
The absorbance of individual ahromosame pairs from brain ganglion 
metaphases. 
The absorbance is given in arbitrary units (first column) and as the 
percentage of the entire chromosome set (second column). 
Chromosomes 

















































T a b l e 2 . 
The absorbance of region 46A to 48C of the salivary gland chromosome. 
The absorbances of the region 46A t o 48c (twice measured for each p r e ­
parat ion) and of the e n t i r e chromosome 2 are given in a r b i t r a r y u n i t s . 
Chromosome p r e p a r a t i o n 
Absorbance of region 
46A to 48C 

















mediate v a l u e s were found for t h e absorbance v a l u e s of 
t h e s e chromosomes, a l l chromosomes under s tudy had comple­
t e l y f i n i s h e d r e p l i c a t i o n . Region 46A t o 48C c o n t a i n s 12.2 
+ 0.7% of t h e DNA of chromosome 2. I t s h a p l o i d DNA c o n t e n t 
i s t h e r e f o r e about 5500 + 300 kb. The DNA c o n t e n t of r e g i o n 
48B7-8 i s shown in t a b l e 3 . Region 48B7-8 c o n t a i n s 2 . 1 + 0.5S 
of t h e DNA of r e g i o n 46A t o 48C o r about 115+ 30 kb on t h e 
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Table 3. 
The absorbanae of region 48B7-8. 
The absorbance of region 46A to 4 С and the absorbance of the bands 
48B7-8 are given in arbitrary units. The absorbance of the bands 48B7-8 
is also expressed as a percentage of the absorbance of region 46A to 48C 
Chromosome 
Absorbance of region 
46A to 48C 
























The error in this estimation is high, but it does not 
reflect any systematic error. The procedures used here are 
well studied and optimally controlled (12, 13, 14). As the 
standard human chromosome A2 and the D. hydei were all 
treated in the same way as to fixation and Feulgen staining 
procedure, errors in these steps cancel each other out par­
tially, since the DNA estimates for D. hydei are expressed 
proportionally to the DNA content of the human chromosome 
A2. An important source of error arises from the strong 
hydrolysis during the Feulgen procedure that destroys the 
finest details of the chromosome structure: the encircling 
of chromosome regions that are represented on the monitor 
is inexact. In fact, it is this step in the cytophotometnc 
procedure that causes most of the error in the results. An 
additional computer program for the optimal separation of 
densely stained chromosome bands was not at our disposal. 
No clear separation could be made between bands 48B7 and 
48B8 (see figure 4). Since in electron microscopic prepara­
tions of completely inactivated chromosomes band 48B7 has 
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twice the size of band 48B8, we estimate the DNA content 
of band 48B7 to be about 7 5 kb and of band 48B8 to be about 
4 0 kb. Such estimations presume an equal compaction of the 
DNA for both bands. Besides the errors in the cytophotome-
Fig. 4. Image of the saanned Feulgen stained region 48A-C on the moni-
tor. Region 48B7-8 is encircled for the calculation of its absorbance. 
Inset: Photograph of the negative used for the scanning procedure. 
trie estimates this estimation of band width is probably 
another source of error. Our final estimate of 40 kb for 
the haploid DNA content of band 48B8 indicates in fact a 
value in the range of 30 to 50 kb. From our estimates of 
the DNA content and band width of these bands 48B7 and 48B8 
the compaction of the DNA in these bands can be calculated 
at about 160. This value has been found to be common for 
bands of D. hydei salivary gland chromosomes (Grond, un-
5 9 
published data). 
Due to the strong hydrolysis, required for the Feul-
gen staining (see also above) we are not able to determine 
the amount DNA in the interband regions in our chromosome 
preparations by the cytophotometric method. We chose a dif-
ferent approach to determine the DNA content of the inter-
bands that flank the heat shock band 48B8: studying the sub-
microscopic structure of the interbands, since their DNA 
content can be calculated from the length of the interband 
fibril, which is given by the length of the mterband (15) 
and the compaction of the DNA in the mterband fibril, which 
can be deduced from its diameter. The mterband 48B7-8 is 
extremely small and never exceeds a length of 0.05 urn; the 
mterband 48B8-9 is larger, maximally 0.1 vim (see also fig. 
2C). Since we require the length of the extended mterband 
fibrils for our calculation we take the highest estimates 
of the mterband length measurements as representative of 
the length of the mterband fibrils. 
The mam source of artefacts in the structure of 
squashed chromosomes is probably the acetic acid treatment. 
Therefore we measured the diameter of 100 randomly chosen 
fibrils in clear interbands from both acid and non-acid 
treated chromosomes (see figure 5). Obviously paired fibrils 
or very bumpy regions were not measured. Both acid and non-
acid treated chromosomes showed a considerably varying fi-
bril diameter from 5 nm up to 16 nm (figure 6), but in 
both cases mean and modus are around 10 nm. A fiber dia-
meter of about 10 nm is very close to that of a condensed 
nucleosome chain with a compaction of its DNA of 7.3 times 
(16). However, since the mterband fibrils may not have 
been extended completely (see also fig. 5) and do show a 
bumpy character, we assume for our calculations a DNA com-
paction of 10 times for interbands. We then calculated an 
amount of DNA for the interbands 48B7-8 and 48B8-9 of 1.5 
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Fig. 5. Interband fibrils of squashed 
salivary gland chromosomes. A. Chromo-
somes squashed in acetic acid. B. Chro-
mosomes squashed in the glutaraldehy-
de fixative without the use of acetic 
acid. Bar = 0.1 vim. 
Fig. 6. Histograms of interband 
fibril thickness. A. Chromoso-
mes squashed in acetic acid. 
B. Chromosomes squashed without 
acetic acid. Mean diameter are 
10.4±1.7 nm (A) or 10.7+2.1 
nm (B) . 
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Fig. 7. Map of region 48A to C. 
Arrow indicates band 48B7, 
split arrow indicates band 48B8. 
Dots indicate mlnibands. 
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DISCUSSION 
From our observations on fast green stained chromosomes and 
our electron microscopical observations we concluded that 
the locus resoonsible for the formation of the large heat 
shock puff is located in the region 48B7-B8. The previous, 
erroneous localization in region 48B9-B10 (this region was 
numbered 4 8B6 in the map of Berendes (5))may have several 
reasons. The dotted appearance and the small size of the 
bands in region 48BC as reported by Berendes et al. (5) is 
due to the low activity of the heat shock locus in the chro-
mosomes used. The new map of this region (see also: 15) 
contains more and compact bands and is more accurate. The 
often observed activity of the bands 48B9-B10, as seen in 
fast green stained preparations also may have been confu-
sing. 
In in situ hybridizations the band structure of most 
small and even medium size bands is often obscured by the 
denaturation procedure preceding the hybridization. In or-
der to preserve a proper banding pattern we used a stronger 
fixative, methanol/formaldehyde/acetic acid. Thus we could 
show the hybridization of cloned DNA from the heat shock 
puff (23) to occur over the bands 48B7 and 48B8 only. Even 
prolonged exposure times did not reveal any hybridization 
on any other bands in the genome (23). 
The further localization of the heat shock locus in 
band B8 was achieved by using chromosomes that were hetero-
20 
zygous for the deletion Df(2)e . In these chromosomes only 
the wild type chromatids show puffing and hybridization 
with cloned DNA of the heat shock locus. Thus the locus res-
ponsible for the formation of the large heat shock puff is 
confined to band 48B8 or/and its flanking interbands. In 
figure 7 we give the exact location of the heat shock band 
in the map of region 48BC. 
Our electron microscopic observations of this region 
do not show any difference with the map of Grond and Derksen 
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(15), except the presence of a few mimbands indicated in 
figure 7. The band 48B8 is dotted but does not reveal any 
specific features such as those reported for the BR 2 locus 
in Chironomus tentans (29). 
The amount of DNA m the bands 48B7 and 48B8 together 
was estimated cytophotometncally at about 115 kb. Our es-
timation of the DNA content in the bands 48B7 and B8 sepa-
rately as calculated from their relative band width is based 
on the assumption that the compaction of the DNA in these 
bands is approximately the same. The localization of the 
heat shock locus in band 48B8 does not exclude its flanking 
interbands from being involved in the activity of the heat 
shock locus or even being the location of the heat shock 
gene. However, both interbands are very small and probably 
contain too little DNA to harbour an entire transcription 
unit. Previous cytophotometnc measurements of the DNA con-
tent of a series of well extended interbands suggested a 
DNA content of the interbands less than 5% of the entire 
genome (21). In this light microscopic procedure it cannot 
be excluded, however, that a few small bands are present 
in the presumed interbands - the more since the Feulgen 
hydrolysis has effects on the chromosome morphology. We thus 
chose to calculate the DNA content of the interbands from 
the properties of the interband fibrils. In Ch. tentan·} the 
DNA content of the interband was calculated to be about 2% 
of the entire genome (29), on the basis of a fibril diame-
ter of about 12 nm. 
The observation of interband fibrils with a diameter 
of about 10 nm here seems to be in contradiction with the 
finding of 30 nm fibrils in whole mounts (8, 27). However, 
in sections of embedded partially spread interphase nuclei 
Wolfe and Grim (30) observed a 10 nm fibril in the non 
spread part of the nucleus, whereas 30 nm fibrils were 
found in already spread parts, which indicates the artifi-
cial formation of the 30 nm fibrils. This finding also ar-
gues against a change in fibril diameter due to the glutar-
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aldehyde fixation and following embedding in epon resin. 
Furthermore, observations on serial sections of both bands 
and interbands in intact nuclei suggest an 10 nm fibril to 
occur in the interbands that becomes loosely twisted into 
a 30 nm supercoil in the bands (Grond, unpublished data). 
Since the stretching of the chromosomes as a result of the 
squashing procedure after glutaraldehyde fixation is mini-
mal (15) we consider our measurements on the interbands to 
reflect the actual situation. 
The large puff at region 2-48B after heat shock con-
tains a 40S RNA transcript (6) and possibly also a 16S RNA 
transcripts. Also a stable 5S RNA has been suggested to ori-
ginate from the temperature puff (5). Although the relation-
ship between these RNAs is uncertain, the transcription unit 
must be at least 9 kb long to code for a 40S RNA. Our cal-
culations for the DNA content of the interbands 48B7-8 
(1.5 kb) and 48B8-9 (3 kb) excludes them from being the lo-
cation of the heat shock transcription unit, but we cannot 
exclude them from being involved in some way in the puffing 
process. 
Peters et al. (23) concluded that only one copy of 
this transcription unit is present within a 20 kb DNA frag-
ment and that probably only one copy of this unit is pre-
sent in the whole haploid genome. If no other transcription 
unit is to be assigned to band 48B8, we would meet on the 
level of a single band the 'excess' of DNA that is charac-
teristic for the entire genome. If puff 48B contains the 
coding sequence for the enzyme tyrosine aminotransferase 
(3) these sequences are likely to form a second transcrip-
tion unit. For heat shock locus 67B in D. melanogaster a 
situation is met where a cluster of five transcript coding 
segments that are differentially regulated lays within a 
8.5 kb DNA fragment (28). In the case of the BR 2 in Ch. 
tentane a probably unique 37 kb transcription unit is lo-
cated in a 470 kb cluster of 4 chromomeres (11, 29). 
It might be questioned whether the band structure of 
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p o l y t e n e chromosomes r e f l e c t s any f u n c t i o n a l o r g a n i z a t i o n 
of t h e i n t e r p h a s e chromosomes. The h e a t shock l o c u s 48B of 
D. hydei t h a t i s d e f i n e d r a t h e r w e l l m o l e c u l a r l y and c y t o -
l o g i c a l l y can be used as a model system t o s tudy t h i s p r o ­
blem. 
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CHROMOSOMAL ARRANGEMENT OF HEAT SHOCK LOCUS 2-48B 
IN DROSOPHILA HYDEI 
F.P.A.M.N. Peters, C.J. Grond, P.J.Α. Sondermeyer and 
N.H. Lubsen 
ABSTRACT 
cDNA, copied from nuclear RNA isolated from heat shocked 
Drosophila hydei cells, has been cloned. From this collec­
tion of clones a clone,N09-15, with a 450 bp insert has 
been isolated that hybridizes in situ to the heat shock 
locus 2-48B of Drosophila hydei. The N09-15 sequence is 
present in two different genomic arrangements, as shown 
by restriction mapping, in our wild type D. hydei popula­
tion. These genomic arrangements are allelic. Both alleles 
contain multiple copies of the N09-15 sequence but differ 
in their lengths and in the distribution of Msp I and Taq I 
sites. 
INTRODUCTION 
A set of genes, the so called heat shock genes, can be ex­
perimentally induced by exposing Drosophila tissues to a 
heat shock, i.e., by incubating these tissues at 37 С in­
stead of 25 С (for review see: Ashburner and Bonner, 1979) . 
In Drosophila hydei five such heat shock loci have been des­
cribed: 2-32A, 2-36A, 2-48B, 4-81B and 4-85B (Berendes, 19(8; 
Sondermeyer and Lubsen, 1979). Four of these loci show se-
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quence homology with the corresponding heat shock loci of 
Drosophila melanogaster and, in analogy with the D. melano-
gaster loci, should code for 20S or 13S mRNAs (Sondermeyer 
and Lubsen, 1978), which m turn code for the heat shock pro-
teins. The fifth locus, locus 2-48B, differs in its proper-
ties from the other four heat shock loci: its major trans-
cription product in salivary glands is a 40S RNA (Bisseling 
et al., 1976) which is packaged in an unique complex RNP par-
ticle (Derksen et al., 1973). It has been shown in tissue 
culture cells that most of the 2-48B RNA sequences remain in 
the nucleus and are not transported to the cytoplasm (Lubsen 
et al., 1978). Furthermore, in contrast to the other heat 
shock loci, of which the sequences appear to be evolutionary 
well conserved, no cross hybridization is seen between locus 
2-48B and the cytologically homologous heat shock loci in 
other related Drosophila species (Peters et al., 1980). The 
sequence of the RNA product of locus 2-48B appears thus not 
to be conserved m evolution. 
Although the major RNA product of locus 2-48B remains 
in the nucleus, some cytoplasmic RNA homologous to this lo-
cus is also found (Lubsen et al., 1978) . This poly A+ RNA is 
present at a low concentration and might code for one of the 
minor heat shock proteins, as suggested by Belew and Brady 
(1981). Since the characteristics of the major transcription 
product of locus 2-48B are thus rather different from those 
of the other heat shock loci, it is of interest to determine 
the structure of the 2-48B transcription unit. We have there-
fore cloned cDNA, copied from nuclear 2-48B RNA and used this 
DNA to probe the chromosomal structure of this locus. We show 
here by restriction analysis that the transcription unit is 
probably internally repetitive and that different alleles of 
this unit are present in different stocks of Drosophila hyde-i. 
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MATERIAL AND METHODS 
Isolation and screening of cDNA clones 
H-cDNA (s.a. 2.10 cpm/yg) was prepared from poly A+ nuclear 
RNA isolated from heat shocked D. hydei tissue culture cells 
(Sondermeyer et al., 1980) as previously described (Sonder-
meyer and Lubsen, 1979) and was made double stranded by in-
cubation with reverse transcriptase under the same reaction 
conditions except that Actinomycin D was omitted. After 
S.-nuclease treatment, ds cDNA was fractionated by sucrose 
gradient centnfugation in an 8 to 18% gradient in 100 mM 
NaCl, 10 mM Tris-HCl (pH 7.2), 10 mM EDTA for 16 h at 39K 
in an IEC SB 405 rotor. Fractions containing 400 to 600 bp 
long ds cDNA were pooled and the ds cDNA was collected by 
ethanol precipitation after addition of 1 ug XDNA as car-
rier. Approximately 10 dC residues were then added to the 
3' ends of ds cDNA using terminal deoxynucleotidyl trans-
ferase under the conditions described by Modak (1978). Si-
milarly, 10 dG residues were added to the 3' ends of Pst I 
digested pBR3 22. The two DNAs were annealed and used to 
transform E. coli HB101 as described (Villa-Komaroff et al., 
1978). This procedure yielded 1,300 cDNA clones/pg nuclear 
poly A+ RNA. 
Since our attempts to identify a 2-48B clone by dif-
ferential colony hybridization (Grünstem and Hogness, 1975) 
with either in vitro or in vivo labeled heat shock or con-
trol cell RNA failed (although several clones for other heat 
shock loci were identified in this way), we screened for 
such a clone by in situ hybridization as follows: 60 small 
cultures of randomly selected clones were pooled, recombi-
nant plasmid was isolated (see below) and transcribed into 
cRNA (Wensink et al., 1974). This cRNA was used for in situ 
hybridization (see below). The pool of 60 clones that con-
tained the desired sequence was subdivided into 6 pools of 
ten clones which were again screened by in svtu hybndiza-
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tion. Further subdivision of the pool of ten clones led to 
the identification of the clone N09-15, which hybridizes to 
locus 2-48B. 
Preparations of DNA 
Plasmid DNA was isolated according to the method of Birnboim 
(1979) and further purified through CsCl-ethidium bromide 
centnfugation followed by sucrose gradient centnfugation 
in an 8 to 18% gradient in 500 mM NaCl, 20 mM Tris-HCl 
(pH 7.2), 5 mM EDTA for 16 h at 25K in an IEC SB 283 rotor. 
Embryonic DNA. 0-16 h old embryos were collected from a 
large wild type cage population of D. hydev. Embryos were 
dechononated, homogenized in chilled homogenization medium 
(Shields and Sang, 1970) and the cells were washed twice 
with the same medium. They were resuspended in 30 mM Tns-
HC1 pH 8.3, 100 mM NaCl, 10 mM CaCl, and lysed by adding 
SDS to 0.5%. The lysate was extracted twice with an equal 
volume of phenol/chloroform (1:1, ν/ν), two volumes of 
ethanol were layered on the aqueous phase and the DNA was 
spooled out. The DNA was redissolved in 10 mM Tris-HCl 
(pH 7.5), 1 mM EDTA (TE-buffer) and treated with 20 pg/ml 
pancreatic RNase for 60 m m at 37° C. The DNA лгаз reextractea 
with phenol/chloroform (1:1, ν/ν) , collected by ethanol 
precipitation and redissolved in TE-buffer. 
Fly DNA. For the rapid screening of the restriction pattern 
of different fly strains, DNA was extracted from flies as 
described by Davis et al. (1980) except that DNA was spooled 
out rather than ethanol precipitated. Otherwise, DNA was 
extracted and purified as described by Glisin (1974). 
In sztu hybridization 
Conditions for гп sztu hybridization to chromosomal DNA 
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were as described previously (Lubsen et al., 1978) except 
that the hybridization buffer was 50% formamide, 6 χ SSC 
(1 χ SSC = 0.15 M NaCl, 0.015 M NaCitrate) and incubation 
was at 42 С for 72 h. Hybridization to chromosomal RNA was 
performed according to Livak et al. (1978). 
Restriction analysis and gel electrophoresis 
DNA (4 yg) was digested with restriction enzymes under the 
conditions recommended by the suppliers. Restriction frag­
ments were separated on vertical 5 mm 0.9% agarose gels 
Aaij and Borst, 1972) and transferred to nitrocellulose fil­
ter according to the method of Southern (1975). The filters 
were baked at 80 С for 2 h. After preincubation for 4 h in 
the hybridization buffer (see below) without plasmid DNA, 
the filters were hybridized with plasmid DNA, labeled with 
32 7 
Ρ by nick translation (Maniatis et al., 1975) (s.a. 10 
5 fi 2 
cpm/yg, 10 -10 cpm/cm ) in 6 χ SSC, 5 χ Denhardts solution 
(Denhardt, 1966), 0.1 mg/mi sonicated and denaturated calf 
thymus DNA and 0.2% SDS overnight at 65° С. After washing 
the filter three times for 30 m m with 0.1 SSC, 0.2% SDS at 
60 C, it was autoradiographed. Exposure time ranged from 1 
to 7 days. 
Materials 
All radioactive materials were from the Radiochemical Centre, 
Amersham; RNA polymerase was from Biolabs, DNA polymerase I 
from Boehrmger-Mannheim, S -nuclease from Sigma, terminal 
deoxytidyl transferase from P-L Biochemicals and reverse 
transcriptase was generously donated by Dr. J.W. Beard. Ni­
trocellulose filters were purchased from Schleicher and 
Schuil, agarose was from Seakem and formamide from Fluka. 
Restriction enzymes were supplied either by Boehrmger-Mann­




Isolation and properties of cloned 2-48B DNA 
We have previously shown that the nuclear 2-48B RNA is re­
tained by poly U sepharose (Lubsen et al., 1978) and can be 
transcribed into cDNA by reverse transcriptase (Sondermeyer 
and Lubsen, 1979). Since we expected that cDNA preparations 
from nuclear heat shock RNA would be enriched for 2-48B se­
quences, this seemed to be the starting material of choice 
to clone the 2-48B sequence. Accordingly, nuclear cDNA was 
made double stranded and inserted in the Pst I site of the 
plasmid pBR322 by G-C tailing (see methods). The resulting 
clones were screened by ъп situ hybridization for sequences 
homologous to locus 2-48B. Out of 600 clones screened, one 
such a clone, N09-15, was identified and used in further 
studies. The in sztu hybridization pattern of cRNA from 
this clone is shown in figure la: only locus 2-48B is la­
beled, no grains are detected over any of the other heat 
shock loci (loci 4-81B and 4-85B not shown). To show that 
clone N09-15 contains sequences that are transcribed during 
a heat shock, cRNA prepared from N09-15 DNA was hybridized 
to heat shocked salivary gland chromosomes under conditions 
in which most of the hybridization is to chromosomal RNA 
rather than DNA (Henikoff, 1981). In these experiments only 
the puff at locus 2-48B was labeled, no hybridization oc-
cured to the other heat shock puffs (figure lb). The N09-15 
sequence is thus unique to locus 2-48B and is part of the 
heat shock transcript of this locus. 
To determine the length of the insert, present in 
clone N09-15, DNA from this clone was digested with Pst I 
and the length of the resulting DNA fragments was determined 
by Polyacrylamide electrophoresis. Only one single fragment, 
slightly longer than pBR322 was detected. Apparently, one 
of the two Pst I sites, which have surrounded the insert, 
has been lost. The size of the insert was therefore deter-
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Fig. 1. In situ hybridization of 3H labeled оору RNA of N09-15 DNA to 
salivary gland ahromosomes of Drosqphila hydei. A. Hybridization to 
chromosomal DNA. Concentration of H-cRNA was 5.10^ cpm/μΐ. Exposure 
time was 7 days. B. Hybridization to chromosomal RNA. Concentration of 
H-cRNA was 5.10^ cpm/μΐ. Exposure time was 7 days. 
mined i n d i r e c t l y : b o t h N09-15 DNA and pBR322 DNA was d i g e s t ­
ed wi th Msp I or Taq I and t h e r e s u l t i n g p a t t e r n s of r e ­
s t r i c t i o n f ragments were compared ( f i g . 2 ) . In b o t h c a s e s 
a s h o r t e r f ragment, p r e s e n t in t h e pBR322 DNA d i g e s t i o n s , 
i s m i s s i n g from t h e N09-15 DNA d i g e s t i o n s but a l o n g e r f rag­
ment i s seen i n s t e a d . The d i f f e r e n c e in l e n g t h between t h e 
N09-15 fragment and t h e pBR322 fragment i s in b o t h c a s e s 
450 bp, t h e i n s e r t i s t h u s 450 bp l o n g . These d a t a f u r t h e r 
show t h a t t h e i n s e r t does not c o n t a i n a Msp I s i t e o r a 
Taq I s i t e , s i n c e only one band d i f f e r e n c e w i t h t h e pBR322 
DNA r e s t r i c t i o n p a t t e r n i s o b s e r v e d . S i m i l a r e x p e r i m e n t s 
have i n d i c a t e d t h a t t h e i n s e r t e d DNA sequence a l s o does n o t 
c o n t a i n Eco RI, Hind I I I o r Xba I s i t e s ( d a t a not shown). 
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Fig. 2. Msp I and Taq I digestion patterns of pBR322 and N09-15 DNA. 
Lane 1: pBR322 DNA digested with Msp I. Lane 2: N09-15 DNA digested 
with Msp I. The length of the λ-Hind III digestion fragments, used as 
standards, are indicated. Lane 3: N09-15 DNA digested with Taq I . 
Lane 4: pBR322 DNA digested with Taq I. The length of the λ-Hind I I I 
digestion fragments, used as standards, are indicated. 
Electrophoresis was done according to Dingman and Peacock (1968) in a 
8% Polyacrylamide gel for 3 h at 150 Volt. After staining with ethidium 
bromide the restr ict ion patterns were made visible by U.V. illumination. 
The chromosomal o r g a n i z a t i o n of t h e N09-15 sequence 
To d e t e r m i n e t h e chromosomal o r g a n i z a t i o n of t h e N09-15 s e ­
q u e n c e , embryonic DNA was d i g e s t e d w i t h a v a r i e t y of r e s t r i c ­
t i o n enzymes; t h e r e s t r i c t i o n f ragments were s e p a r a t e d by 
a g a r o s e g e l e l e c t r o p h o r e s i s , t r a n s f e r r e d t o n i t r o c e l l u l o s e 
( S o u t h e r n , 1975) and h y b r i d i z e d w i t h 3 2 P l a b e l e d N09-15 DNA. 
Al l t h e r e s t r i c t i o n enzymes used in t h e s e i n i t i a l e x p e r i ­
ments (Eco RI, Hind I I I , Xba I , S s t I , Sal I and P s t I) 
y i e l d e d two fragments (see f o r example, f i g u r e 3) and in a l l 
7 6 
cases these fragments differed about 1.5 kb in length. Since 
none of the enzymes used cut within the cloned sequence 
(see above), these data indicate that there must be two ge­
nomic arrangements that contain the N09-15 sequence and that 
these two arrangements must differ about 1.5 kb in length. 
Using the appropriate combinations of restriction enzymes 
to digest embryonic DNA, a restriction map of the two chro­
mosomal arrangements found in embryonic DNA was constructed 
(fig. 4): the two arrangements are surrounded by identical 
1 2 3 4 5 6 
23.6 
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Fig. 3. Hybridization pattern of 32P labeled N09-15 DNA with various 
restriction fragments of embryonio DNA. 
Hybridization pattern of N09-15 DNA with restr ict ion fragments of em­
bryonic DNA after digestion with: lane 1: Hind I I I , lane 2: Pst I -
Hind I I I , lane 3: Xba I - Hind I I I , lane 4: Xba I, lane 5: Xba I -
Eco RI and lane 6: Sal I - Eco RI. The length of the λ-Hind I I I diges­
tion fragments, used as standards, are indicated. For electrophoresis 
and hybridization conditions: see methods. 
r e s t r i c t i o n s i t e s and d i f f e r only in t h e d i s t a n c e between 
t h e Eco RI and Xba I s i t e s , which i s about 9 kb i n one case 
and about 10.5 kb in t h e o t h e r . The N09-15 sequence a p p e a r s 
t o be l o c a t e d w i t h i n t h e DNA fragments d e f i n e d by t h e s e 
Eco RI and Xba I s i t e s . 
To d e t e r m i n e t h e l o c a t i o n of t h e N09-15 sequence 
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Fig. 4. Restriction map of region 2-48B of embryonic DNA. The restric­
tion sites are indicated with capitals: E • Eco RI, Ρ = Pst Ι, Ξ = Sst I, 
Η = Hind III, Sa = Sal I and X = Xba I. 
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Fig. 5. Hybridization pattern of 32p labeled N09-15 DNA with embryonic 
DNA. The following digests are shown: lane 1: Taq I, lane 2: Msp I, 
lane 3: Hind III - Taq I, lane 4: Hind III - Msp I, lane 5: Xba I -
Taq I, lane 6 : Xba I - Msp I, lane 7 : Eco RI - Taq I, lane 8 : Eco RI -
Msp I. The length of the four Taq I fragments and the five Msp I frag­
ments are indicated. 
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within the 9 kb and 10.5 kb Eco RI - Xba I fragments, embryo-
nic DNA was digested with Msp I or Taq I and the resulting 
fragments were hybridized with N09-15 DNA after agarose gel 
electrophoresis and Southern blotting. A complex pattern was 
obtained, despite the fact that the cloned sequence contains 
no Msp I and Taq I sites (see above). In figure 5 lane 1, 
four bands of varying intensity are seen after Taq I diges-
tion and in lane 2 five bands after Msp I digestion. Further 
digestion with either Hind III (fig. 5 lane 3 and 4) or Xba I 
(fig. 5 lane 5 and 6) after Taq I or Msp I digestion did not 
alter the size of the Taq I or Msp I fragments. These Taq I 
and Msp I fragments must thus be located within the 10.5 kb 
and 12 kb Hind III - Xba I fragments. The total length of 
the Msp I fragments is approximately 20 kb, that is about 
twice the length of the fragment within which they must be 
located and therefore the Msp I restriction pattern of the 
two Hind III - Xba I fragments must thus differ. Similarly, 
the total length of the Taq I fragments is about 15 kb and 
the two Hind III - Xba I fragments must thus differ in their 
Taq I restriction sites. Two of the Msp I fragments are cut 
by Eco RI (fig. 5, lane 8) namely the 8.8 kb and the 3.1 kb 
fragment. The 8.8 kb fragment is cut to a 8.5 kb fragment 
and the 3.1 kb fragment is cut by Eco RI to a 2.6 kb band 
as indicated by the doubling of the hybridization intensity 
of the 2.6 kb band and the complete disappearance of the 
3.1 kb fragment. The Taq I fragments are not cut by either 
Eco RI (fig. 5 lane 7), Hind III or Xba I. 
The identical arrangement of the restriction sites 
surrounding the Eco RI - Xba I 9 kb and 10.5 kb fragments 
(see fig. 4) suggested that these fragments might be allelic, 
rather than located on the same chromosome. To test this 
possibility, we analysed DNA of two fly strains homozygous 
for newly isolated ebony mutations (the ebony locus is clo-
sely linked to, but not identical with locus 2-48B: see dis-
cussion) . Strains homozygous for such mutations are likely 
to be also homozygous for locus 2-48B. One of these strams 
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Fig. 6. Hybridization pattern of embryonic DNA and DNA from two fly 
stocks. A. h y b r i d i z a t i o n p a t t e r n of embryonic DNA (lane 1), e t s DNA 
(lane 2) and I n ( 2 ) e 1 0 DNA (lane 3) a f t e r d i g e s t i o n with Hind I I I . 
I n ( 2 ) e ^ i s a X-ray induced homozygously v iab le invers ion of the t i p 
of the second chromosome with a breakpoint in band 2-48B9, e1-5 i s an 
EMS (ethylraethane sulfonate) induced temperature s e n s i t i v e ebony mu­
t a t i o n (Lubsen, unpubl ished). B. Hybridizat ion p a t t e r n of In(2)e ' ·^ 
DNA a f t e r t o t a l Msp I d iges t ion (lane 1), e t s DNA a f t e r t o t a l Msp I 
d i g e s t i o n (lane 2 ) , I n ( 2 ) e 1 0 DNA a f t e r t o t a l Hind I I I and p a r t i a l Msp I 
d i g e s t i o n (lane 3 ) , e t s DNA a f t e r t o t a l Hind I I I and p a r t i a l Msp I 
d i g e s t i o n (lane 4 ) . The length of the λ-Hind I I I d i g e s t i o n fragments, 
used as s tandards , are i n d i c a t e d . For e l e c t r o p h o r e s i s and hybr idiza­
t i o n c o n d i t i o n s : see methods. 
t s 
e , c a r r i e s o n l y t h e 1 1 . 5 kb Hind I I I f r a g m e n t ; t h e o t h e r 
s t r a i n . I n ( 2 ) e , c a r r i e s o n l y t h e 13 kb H i n d I I I f r a g m e n t 
( f i g . 6 A ) . T h e s e d a t a show t h a t t h e two c h r o m o s o m a l a r r a n g e ­
m e n t s shown i n f i g . 4 a r e i n d e e d a l l e l i c . T h i s was c o n f i r m e d 
by a n a l y z i n g t h e H i n d I I I d i g e s t i o n p a t t e r n s of DNA i s o l a t e d 
8 0 
from a number of inbred strains: six of these strains con­
tained only the 13 kb Hind III fragment while three con­
tained only the 11.5 kb Hind III fragment (data not shown). 
By using the appropriate fly stocks, it became pos­
sible to assign the Msp I fragments to either allei A (con­
taining the 11.5 kb Hind III fragment) or allei В (con-
ts 
taining the 13 kb Hind III fragment): digestion of e DNA 
with Msp I yielded the pattern shown in figure 6B, lane 2. 
Only the 3.5 kb, the 3.1 kb and the 2.6 kb fragments are 
seen and these must thus belong to allei A. In(2)e DNA, 
after digestion with Msp I, shows only the 8.8 kb and 1.8 kb 
band (figure 6B, lane 1) which therefore must derive from 
allei В. Partial digestion with Msp I after total prediges-
tion with Hind III to yield or the 11.5 kb or 13 kb Hind III 
fragments (figure 6B, lane 4 and 3) allowed the ordening 
of these Msp I fragments. The fact that both the 8.8 kb and 
the 3.1 kb Msp I fragments contain an Eco RI site positions 
the Msp I map unambiguously within the restriction maps 
shown in figure 4. Partial digestion with Tag I after total 
predigestions with Hind III or Xba I allowed also the or­
dening of the Tag I fragments. In figure 7 the Msp I and 
Tag I sites are shown within the Hind III fragments. 
H X T T T T E H 
Δ t \ 1 2·1 M i ° t t I 
I 2.6 t — 3.5 t 3.1 t 
M M M M 1 kb 
H X T T T „ T E H 
В t t t _ 2 · 0 t t ^ t \ ; 
' 1.8 f f T e - t 
M M M 
Fig. 7. Restriction map of the Hind III fragments of allei A and B. 
The restriction sites are indicated with capitals: E = Eco RI, M = Msp I, 
H = Hind III, Χ = Xba Ι, Τ = Taq I. The length of the Tag I fragments 
and the Msp I fragments are indicated. The number and the approximate 
locations of the N09-15 repeats are indicated by short lines under the 
map. 
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ts The hybridization patterns of embryonic DNA, e DNA and 
In(2)e DNA after Msp I, Taq I or Eco RI - Msp I double 
digestions were scanned. The relative intensities (see fig. 
5 for embryonic DNA and fig. 6 for e DNA and In(2)e DNA) 
of the Msp I bands were 5 : 1 for respectively the 8.8 kb 
and 1.8 kb Msp I fragments of allei В and 3 : 1 : 1 respec­
tively for the 3.5 kb, 3.1 kb and 2.6 kb Msp I fragments of 
allei A. After Msp I - Eco RI double digestion the relative 
intensities of the fragments of allei В were the same and 
for allei A we found relative intensities of 3 : 2 for the 
3.5 kb and 2.6 kb Msp I - Eco RI fragments. The relative in­
tensities of the Taq I bands are 5 : 1 for the 6.5 kb and 
2.0 kb fragments of allei В and 4 : 1 for the 5.0 kb and 




1 2 3 Fig. 8. Hybridization pattern of 
DNA from strain HB137 with N09-15 
32P-DNA. Lane 1 : hybridization 
pattern of embryonic DNA after 
Hind III digestion. Lane 2: hybri­
dization pattern of HB137 DNA after 
Hind III digestion. Lane 3: hybri­
dization pattern of НВІ37 DNA after 
Msp I digestion. Fly strain HB137 
originates from Genève, it has no 
known mutation in region 2-48B. 
The length of the λ-Hlnd III di­
gestion fragments, used as stan­
dards, are indicated. For electro­
phoresis and hybridization condi­
tions: see methods. 
4.3 
The hybridization intensity ot one genomic equivalent of 
N09-15 DNA is approximately half that of the 1.8 kb Msp I 
32 
fragment of embryonic DNA after hybridization with Ρ la­
beled N09-15 DNA, thus there are two copies of the N09-15 
sequence present in the 1.8 kb Msp I fragment. Hence, mea-
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surements of the relative hybridization intensities of the 
various restriction fragments of either allei A or allei В 
indicates that there are about ten repeats of the N09-15 
sequence m allei A and twelve repeats of this sequence in 
allei В. The number of repeats and their approximate loca­
tions are indicated in fig. 7. 
Beside the two alleles characterized here, we have de­
tected a third allei in stock HB137, obtained from an other 
laboratory. This allei has a Hind III and Msp I restriction 
pattern different from the patterns of the alleles A and В 
of our wild type cage population (figure 8). The same allei 
is present m an ebory mutant obtained from the same labo­
ratory. This allei has not been studied further. 
DISCUSSION 
The clone N09-15 contains a 450 bp long, oligo dT primed, 
cDNA copy of the nuclear transcript of locus 2-48B. Since 
we cannot exclude the possibility that this RNA contains 
internal oligo A sequences, the N09-15 sequence may not de­
rive from the 3' end of the molecule. Accordingly, we can­
not place the 2-48B transcription unit within our restric­
tion map of chromosomal DNA. The size of the transcription 
unit may be estimated from the data of Bisselmg et al. 
(1976), who isolated a 40S RNA from the puff at locus 2-48B. 
Hence, the transcription unit must be at least 9 kb long. 
A comparison of the hybridization intensities of a 
known amount of N09-15 DNA with a known amount of embryonic 
32 
DNA after hybridization with Ρ labeled N09-15 DNA shows 
that the N09-15 sequence is repetitive. Sondermeyer and 
Lubsen (1979) have also suggested, on the basis of quanti­
tative гп sbtu hybridization experiments with cDNA, that the 
nuclear 2-48B RNA is internally repetitive. It is then li­
kely that the transcription unit is located within the frag­
ment bounded by the Hind III sites and contains ten or twel­
ve (in respectively allei A and allei В) copies of the 
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N09-15 sequence. 
We have previously shown that there is little sequen­
ce correspondence between locus 2-48B of D. hydei and its 
homologs in other Drosophila species (Peters et al., 1980). 
Indeed, the cloned 2-48B sequence studied here, does not 
hybridize in aitu to Drosophila melanogaster chromosomes 
(Bautz, pers. commun.). Surprisingly, as shown here, there 
is also considerable difference in the organization of locus 
2-48B within a species: we have detected three alleles in 
D. hydei. The frequency of the two alleles found in our wild 
type cage population, as judged from the intensities of the 
hybridization to digests of embryonic DNA and from the occur­
rence frequency of either allei in inbred stocks, is about 
the same. The three alleles detected differ in their Msp I 
and Taq I restriction patterns and must thus differ in se­
quence, yet all three contain multiple copies of the cloned 
2-48B sequences N09-15: one of the two alleles studied more 
closely contains probably ten copies while the other allei 
contains twelve copies. These data suggest that the diffe­
rence in genomic arrangement between the alleles of locus 
2-48B arises not by a slow continuous change in base se­
quence but by a reshuffling of a number of repeated sequence 
elements of which the N09-15 sequence could be one. The or­
ganization of locus 2-48B might be similar to that of heat 
shock locus 87C of D. melanogaster (to which it is not ho­
mologous) which contains repeated αβ elements interspersed 
with γ elements (LIS et al., 1978). 
Grond et al. (1983) have shown that the haploid DNA 
content of the band of the polytene salivary gland chromo­
somes, in which the heat shock locus is located, is about 
40 kb. Since the restriction map, shown in figure 4, covers 
about 20 kb, two transcription units could theoretically be 
accomodated in the chromosome band. However, we have never 
found a chromosome, out of + 20 examined, that contained 
two different alleles of locus 2-48B. Hence, if two trans­
cription units containing the cloned sequence are present, 
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the exchange of these units between chromosomes through re-
combination appears not to occur. We therefore consider it 
likely that only one transcription unit is present. 
In contrast to the variable sequence arrangements of 
locus 2-48B, the structure of its RNP particle is well con-
served: in all Drosophila species examined, including D. 
melanogaster (Dangli et al., 1983), a heat shock locus is 
found which contains these complex RNP particles (Derksen, 
1973). The dilemma posed by the structure of locus 2-48B is 
then: how can a polymorphic RNA be packaged in apparently 
identical complex RNP particles? At present, we cannot re-
solve this dilemma, nor do we have any indication of the 
function, if any, of the 2-48B transcript in the heat shock 
response. Both the amount of polymorphism within a species 
and the extent of sequence divergence between species argue 
against a mRNA function of the 2-48B transcript. However, 
Belew and Brady (1981) found a correlation between the syn-
thesis of tyrosine aminotransferase and the activity of lo-
cus 2-48B. This suggestion, that locus 2-48B codes for tyro-
sine aminotransferase can only be reconciled with our data 
if a second transcription unit is present at this site. This 
possibility is not unlikely, since we have detected a minor 
cytoplasmic RNA, homologous to locus 2-48B (Lubsen et al., 
1978) and the cDNA copied from cytoplasmic 2-48B RNA has a 
different sequence than cDNA copied from nuclear 2-48B RNA 
(Sondermeyer and Lubsen, 1979). We have as yet not succeeded 
in isolating a clone of this cytoplasmic cDNA. 
The heat shock locus 93D of D. melanogaster is closely 
linked to the ebony locus (D'Allessandro et al., 1977), as 
is locus 2-48B in D. hydez (Grond et al., 1982). Scalenghe 
and Ritossa (1977) have suggested that the heat shock locus 
93D and the ebony locus are identical. Henicoff (1980) , how-
ever, has shown that, in D. melanogaster, chromosomal re-
arrangements can separate the ebony locus from the puff site. 
Similarly, the mutant In(2)e in D. hydei, a homozygously 
viable inversion of the tip of the second chromosome, has a 
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b r e a k p o i n t i n t h e e b o n y l o c u s , y e t a n o r m a l h e a t s h o c k p u f f 
a t l o c u s 2-48B i s p r e s e n t . No c h a n g e i n t h e r e s t r i c t i o n map 
of l o c u s 2-48B, a s p r o b e d w i t h t h e N09-15 s e q u e n c e , of t h i s 
m u t a n t was f o u n d : n e i t h e r t h e r e s t r i c t i o n f r a g m e n t s p r o d u c e d 
by Msp I , w h i c h l i e w i t h i n t h e s u g g e s t e d t r a n s c r i p t i o n u n i t , 
n o r t h e f r a g m e n t s p r o d u c e d by Eco RI o r S s t I , w h i c h d e f i n e 
t h e o u t e r l i m i t s of o u r r e s t r i c t i o n m a p , d i f f e r e d from t h o s e 
f o u n d i n w i l d t y p e DNA. We t h u s c o n c l u d e t h a t t h e ebony 
l o c u s i s q u i t e d i s t i n c t from t h e 2-48B t r a n s c r i p t i o n u n i t 
s t u d i e d h e r e . 
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THE UNUSUAL STRUCTURE OF HEAT SHOCK LOCUS 2-48E 
AND ITS TRANSCRIPTION UNIT IN DROSOPHILA HYDEI 
Frans P.A.M.N. Peters, Nicolette H. Lubsen, Uwe Walldorf, 
Rob J.M. Moormann and Bernd Hovemann. 
SUMMARY 
The genomic organization of heat shock locus 2-48B as ΌΓΟ-
bed with a (cloned) cDNA of the nuclear transcript of this 
locus, js highly polymorphic: the four allelic arrangements 
mapped thusfar all differ in length and in the number of 
copies of the cDNA sequence present. These differences are 
primarily found in the proximal region of the locus (the 
orientation of the restriction map of the locus on the 
chromosomes was determined by mapping two deletion mutants 
for this region). 
The nucleotide sequence of the cDNA clone shows that 
this clone, 500 bp long, is itself internally repetitive: 
it contains four repeats, 115 bp long, and a part of a 
fifth repeat. The repeats are closely homologous with a 
maximal sequence divergence of about 10%. The sequence does 
not contain an open reading frame or a poly A addition signal. 
A number of genomic clones, both in λ and in cosmid 
vectors, have been isolated from region 2-48B. With the aid 
of these clones, the transcription un:t has been mapped to 
the distal side of the cloned region of the locus. The trans­
cription unit consists of an unique sequence linked to a 
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repetitive sequence by an oligo A stretch. The exact size 
of the transcript depends on the allei being transcribed: 
the shortest allei yields a transcript of 9.1 kb while a 
9.4 kb transcript is found from the next larger allei. 
INTRODUCTION 
The heat shock system was first discovered in Drosophila 
(Ritossa, 1962) and has been widely studied in a variety 
of Drosophvla species, not only because of its intriguing 
physiological role, but also because it serves as a con­
venient model system for gene regulation. 
The heat shock genes have been the best characterized 
in DrosoDhila me lanogaster : the genes coding for the major 
heat shock proteins have been cloned and most of them have 
been sequenced (for review, see Ashburner and Bonner, 1979; 
Petersen and Mitchell, 1983). However there is one major 
heat shock locus of D. melanogaster, namely locus 93D, which 
has exceptional properties and about which very little is 
known: its transcript is found mainly in the nucleus 
(Lengyel et al.,1980) and its induction can be non-coordi­
nated with the other heat shock loci (Lakhotia and Mukherjee, 
1980). Locus 2-48B of D. hydei is cytologically homologous 
to locus 93D of D. melanojaster : both loci produce an unique, 
complex RNP particle (Derksen et al., 1973; Dangli et al., 
1983) and both code predominantly for nuclear RNA (Lubsen 
et al., 1978; Lengyel et al., 1980). In Ό.hydei this nuclear 
transcript has a size of 40S (Bisselmg et al., 1976) and 
contains poly A (Sondermeyer and Lubsen, 1979) while in 
D. melanogaster the nuclear transcript is found in both the 
poly A+ and the poly A- fraction (Lengyel et al., 1980). 
Curiously, in spite of their common characteristics, locus 
2-48B of D. hydei and locus 93D of D. melanogaster show no 
sequence homology as assayed by in situ hybridization of 
heat shock RNA or of a (cloned) cDNA sequence of 2-48B nu­
clear RNA (Peters et al., 1980, 1982). In both species cyto-
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pissime RNA homologous to locus 93D or locus 2-48B has also 
been found, although in low abundance and with a lower se­
quence complexity than that of the nuclear transcripts. It 
is quite possible that the nuclear and cytoplasmic trans­
cripts of locus 2-48B (or locus 93D) derive from different 
transcription units. In D. me 1anogaster the cytoplasmic RNA 
is poly A- (Lengyel et al., 1980) and no correlation with 
a possible protein product has been found (Lakhotia and 
Mukherjee, 1982). In contrast, in D. hydez, the cytoplasmic 
RNA is poly A+ (Lubsen et al., 1978) and has been suggested 
to code for a minor heat shock protein, possibly identical 
to tyrosine aminotransferase (Belew and Brady, 1981). 
The function of locus 2-48B of D. hydez or of locus 
93D of D. melanogaster in the heat shock response is unknown. 
That they do have a function in this response is indicated 
by the fact that cytologically homologous loci have been 
found in all Drosophila species examined (Peters et al., 
1980; Lakhotia and Singh, 1982). This is,for example, in 
contrast to the αβ transcripts of locus 87C of D.me lanogas-
tev, which are unique to that species (Livak et al., 1978). 
As a prerequisite for understanding the function of locus 
2-48B we have undertaken a study of the structure of this 
locus and its transcripts. We have previously shown that 
multiple repeats of a cloned cDNA sequence of the nuclear 
transcript are present in the genome at locus 2-48B (Peters 
et al., 1982). The arrangement of these repeats varied 
between different stocks of D. hydez. We have now analyzed 
a number of genomic clones of locus 2-48B and show that the 
transcript consists of an unique and a repetitive region, 
linked by a poly A stretch. Our results further suggest that 
the major differences between the various allelic arrange­
ments of locus 2-48B are found outside the transcription 
unit and that these differences may have no functional 
significance. 
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ΜΑΤίRIALS AND Mt ГHODS 
Preparation and analysis of DNA and RNA 
DNA was extracted from flies essentially as described by 
Potter (1980), except that after RNase treatment the DNA was 
pelleted trough a cushion of 1 M NaCl in TE buffer (10 mM 
TrisHCl, 1 mM EDTA pH 7.5) according to Mamatis et al. 
(1982). DNA was digested with restriction enzymes under 
conditions recommended by the suppliers. The DNA fragments 
were separated on horizontal 6 mm 0.8% agarose gels in 0.04 M 
Tris-acetate, 0.02 M Na-acetate, 0.002 M EDTA pH 7.8 and 
immobilized on nitrocellulose filters according to the method 
of Southern (1975) or Smith and Summers (1980). The filters 
were rinsed in 2 χ SSC (1 χ SSC= 0.15 M NaCl, 0.015 M Na-
citrate) and baked for 2 hours at 80 C. The filters were 
32 
hybridized with cloned DNA labeled with Ρ by nick trans­
lation (Mamatis et al., 1975) as described previously 
(Peters et al., 1982). Exposure time ranged from 1 to 7 days. 
32 Oligo dT primed Ρ labeled cDNA was made according to 
32 
Monahan et al. (1976) and randomly primed Ρ labeled cDNA 
according to Mamatis et al. (1982). To prevent hybridization 
to oligo A blocks in the cDNA hybridization experiments, 
the hybridization mixture was preincubated with 1 wg/yl 
poly A under the usual conditions for at least 3 hours. This 
mixture was then added to the DNA filters which were further 
hybridized and washed as above. Control experiments showed 
that this procedure prevents labeling of oligo A blocks. 
32 
Ρ labeled oligo dT was prepared as and hybridized 
under the conditions described by Ilyin et al. (1980) except 
that 100 vg/ml E. coli DNA was used in stead of calf thymus 
DNA. Filters were washed with 2 χSSC, 0.1% SDS at 370C. 
Nuclear and total poly A+ heat shock RNA was isolated 
from tissue culture cells as described previously (Sonder-
meyer and Lubsen, 1979). RNA was separated on 1% formaldehyde/ 
agarose gels according to Rave et al. (1979) and the RNA was 
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blotted on nitrocellulose filters as described by Mamatis 
et al. (1982). The hybridization and washing conditions were 
the same as for the DNA filters. 
Sequencing of the N09-15 cDNA clone 
DNA fragments were 5' end labeled with polynucleotide kinase. 
To obtain clean fragments for sequencing the labeled DNA was 
routinely run through two gels, one after kmasmg and one 
to separate the one end labeled fragments after second res­
triction cleavage. DNA sequencing was performed according 
to the procedure of Maxam and Gilbert (1980) using five 
reactions: G, G+A, C+T, С and A+C. The products were ana­
lyzed on 20%, 8% and 6% acrylamide gels. 6% gels were pre­
pared and dried down as described by Garoff et al. (1981). 
Isolation and screening of genomic clones 
Genomic ^clones were made by ligating genomic Hind III frag­
ments of the appropriate lengths with isolated arms of the 
Hind III vector λΝΜ762. After in vitro packaging (Scherer 
et al., 1981), the recombinant Xphages were plated with 
E. coli K802 as host. The plaques were screened by filter 
32 hybridization with Ρ labeled N09-15 DNA (Grünstem and 
Hogness, 1975). XDNA was made according to Mamatis et al., 
(1982) by PEG precipitation. 
Genomic cosmid clones were constructed from a Sau ЗА 
partial digest of DNA containing allelic arrangement В with 
a vector similar to the PTM vector of Grosveld et al. (1982). 
Details will be described elsewhere (Moormann et al., in 
32 preparation). Clones were screened with Ρ labeled XDhl20 
DNA as described by Ish-Horowicz and Burke (1981). 
H-cRNA was prepared and hybridized ьп situ as described 
previously (Wensink et al., 1974; Peters et al., 1980, 1982). 
Exposure time ranged from one to three weeks. All experiments 
were performed according to the Dutch guidelines for recom-
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binant DNA research. 
Isolation of deletion mutants Df(2)e and Df(2) e 
10 days old males were X-ray irradiated with 6000 R and mated 
with ant s st e virgin females. Progeny was screened for 
ebony phenotype. Newly isolated ebony mutant chromosomes 
were tested for homozygous lethality and for viability 
41 
versus the Df(2)st chromosome. Such chromosomes were ana-
lysed further cytologically and the chromosomal DNA was 
examined by restriction mapping. Second chromosome mutants 
were stabilized in either T(X;2) strains or against the 
In{2)y a e chromosome. 
Materials 
All the radioactive materials were purchased from the Radio-
chemical Centre Amersham. Reverse transcriptase was kindly 
provided by Dr. J.W. Beard. The restriction enzymes and 
polynucleotide kinase were supplied by Boehnnger Mannheim. 
Agarose was from Seakem and nitrocellulose filters were from 
Schleicher and Schüll. All the chemicals used were reagent 
grade. 
RESULTS 
Polymorphism of the 2-48B locus 
We have previously shown that the cloned cDNA sequence 
N09-15, copied from nuclear 2-48B RNA, is repeated several 
times within a genomic DNA fragment about 10 kb long, as 
defined by flanking Xba I and Eco RI sites. The length of 
this Xba I - Eco RI fragment and the arrangement of the 
N09-15 repeats within this fragment varied between different 
D. hydei stocks (Peters et al., 1982). 
In an effort to determine possible (conserved) features 
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of t h e v a r i o u s a l l e l i c a r r a n g e m e n t s of t h e N09-15 sequence 
which could be of i m p o r t a n c e for t h e f u n c t i o n of t h i s l o c u s , 
we have mapped a number of r e s t r i c t i o n s i t e s i n two more 
s t o c k s and compared t h o s e w i t h t h e maps of t h e two a l l e l i c 
a r rangements o u b l i s h e d p r e v i o u s l y ( P e t e r s e t a l . . 1982) 
see f i g . l . A l l a l l e l i c a r r a n g e m e n t s c o n t a i n s e v e r a l r e p e a t s 
Fig. 1. Restriction map of the various alletvc arrangements. The r e s t r i c ­
tion s i tes are indicated with capital l e t t e r s E = Eco RI, S = Sst I, щ -
Msp Ι, Τ = Taq Ι, H = Hind I I I , Χ = Xba I. The underlined DNA fragments con­
tain copies of the N09-15 sequence. Restriction s i tes mapped with the 
aid of genomic clones are indicated with an asterisk. Not a l l the 
restr ict ion s i tes were mapped in the arrangements С and D. The Taq I 
fragments flanking the regions containing the N09-15 repeats are too 
small to be detected in our experiments. 
of t h e N09-15 sequence (DNA fragments which h y b r i d i z e w i t h 
t h e N09-15 sequence a r e shown u n d e r l i n e d m f i g . 1 ) . They 
d i f f e r in l e n g t h : t h e Xba I - Eco RI fragment of a l l e i A i s 
8.7 kb long, w h i l e t h e l e n g t h of t h i s fragment m a l l e i D 
i s 14.3 kb. F u r t h e r v a r i a t i o n i s found i n t h e number and 
l o c a t i o n of t h e Taq I and Msp I s i t e s . The v a r i a b i l i t y of 
t h e a l l e l i c a r r a n g e m e n t s seems t o be p r i m a r i l y due t o ex­
p a n s i o n and c o n t r a c t i o n of t h e DNA t o t h e r i g h t hand s i d e of 
t h i s r e g i o n , w h i l e t h e l e f t s i d e a p p e a r s t o be more c o n s e r v e d . 
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Indeed, as will be shown below, only the left side is trans­
cribed . 
The location of the restriction sites in the sequences 
flanking the N09-15 repeats to the left of the Xba I site 
and the right of the Eco RI site are very similar in all four 
arrangements studied (note that not all of these sites have 
been mapped in С and D), except for an additional Eco RI 
site present only in B. Furthermore, regions flankinq the 
N09-15 repeats of one allelic arrangement hybridize with 
those of the others (see below). The difference between 
various allelic arrangements appears to be due to a differen­
ce in the arrangement and number of the N09-15 repeats. 
Since such a polymorphic arrangement is rather unusual for 
a cDNA sequence, it was of interest to determine the nucleo­
tide sequence of the N09-15 repeat. 
The sequence of the cDNA clone N09-15 
The complete nucleotide sequence of clone N09-15, as deter­
mined by the method of Maxam and Gilbert (1980), is shown 
m fig. 2. The insert is 500 nucleotides long including a 
short poly A tail (11 nucleotides). As shown in fig. 2, the 
sequence contains three repeats of 115 nucleotides each, 
PBR 122 r m r c c c c GGECGGCGCC аглшхс СГДЦГДГД ПД ПТСГГТ С ЮТТЧГГ TΓ^T^T^C'^^ \Г\(Т 
1 \С\ТСТ\С\С иЛСЛЛЛТ Г ССТССС^ АДС ААЛСССТТЛТ ЛСЛЛЛАСТСЛ GTCArXATTGC А с о и ж ж г т СЛААССЛТАС vrATTTccrr CVrACTTAtX τ η τ ν π Γ Μ mer 
\( v r m c \С \ЛСЛА.\ТЛТ ССССССАААГ АААСГСТТАТ ACAWTATCA CTAAAATTTf ААГАГТТЖ7Г ГАААССАТАЛ АТЛТГГГГСТ САТАСГПСГ ТОЛТЛТ^С Д ЛТАСТ 
3 \0\ТП"\С\Г ШСАЛЛТАТ ССТГССААЛС ААЛСССГГАТ АСАЛМСПЛ CTGWITTGG СССУКТГСГСГ GAAACCATAA ЛТЛТТТСССТ СЛТЛССГЛСС ТГЛТ ИСАЛ Г П П 
4 \СМСТЛСЛС ЛЛЛС \Т CCÇCCGAMC АЛТСССТГГАТ АСАЛААСТСА OTGAMTTCC ААГАСЛТЖГГ GAAACCATAA АТАГІТГТСТ ATT^GΓΓACC Т П Т ГАСАЛ \Ы\Т 
•MAWAV. t e e m CGC LCCLCCCCCC CCCCCCCCTC CTCCAC pBR 322 
Fig. 2. Nucleottde sequence of the cDNA N09-lb. The sequence of the 
cDNA clone N09-15 (cloned into the Pst I site of pBR322 by G-C tailing 
method) contains four internal repeats of 115 bp in length (indicated 
as no. 1 to 4) Changed nucleotides within the repeats 2 - 4 compared 
to no. 1 are underlined. A deletion in no. 4 is indicated by dashes. 
The boxed poly G, poly С sequences define the cloned Drosophila cDNA. 
Dde I sites in position 47 of no. 1, 3 and 4 were used for sequencing. 
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and a f o u r t h r e p e a t which a p p e a r s t o be d e r i v e d from t h e 
115 n u c l e o t i d e r e p e a t through a d e l e t i o n of four base p a i r s . 
When t h e r e p e a t s a r e a l i n g n e d for maximal homology, as in 
f i g . 2, t h i r t h y t h r e e n u c l e o t i d e s of a f i f t h r e p e a t a r e p r e ­
s e n t a t t h e 5 ' end of t h e cDNA, w h i l e t h e 3 ' end c o i n c i d e s 
wi th t h e end of a r e p e a t . The r e p e a t s a r e c l o s e l y homologous: 
in comparison t o t h e f i r s t r e p e a t , t h e second c o n t a i n s 
seven, t h e t h i r d t h r e e and t h e f o u r t h t e n base p a i r changes 
in a d d i t i o n t o t h e four b a s e p a i r d e l e t i o n . The N m p o s i ­
t i o n 49 of r e p e a t no. 3 could not be d e t e r m i n e d a c c u r a t e l y , 
but i s most l i k e l y a G. The sequence does not c o n t a i n an 
open r e a d i n g frame nor a poly A a d d i t i o n s i g n a l . 
Genomic c l o n e s of t h e 2-48B r e g i o n 
A more d e t a i l e d i n v e s t i g a t i o n of t h e ar rangement of t h e s e 
m u l t i p l e r e p e a t s w i t h i n the v a r i o u s a l l e l i c a r r a n g e m e n t s 
and t h e i r r e l a t i o n t o t h e t r a n s c r i p t i o n u n i t r e q u i r e s t h e 
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Fig. 3. Restnctzon woo of the clones \Dhl20 and XDh815. The r e s t r i c ­
t i o n s i t e s are indica ted as in f ig . 1. Note t h a t the i n s e r t s are o r i e n ­
t a t e d in the opposi te d i r e c t i o n with regard to the λ arms. The presence 
of a number of Taq I s i t e s , which have not been mapped, s ince they are 
spaced l e s s than 0.5 kb a p a r t , i s a lso i n d i c a t e d . For comparison, the 
r e s t r i c t i o n map of a l l e l i c arrangement B, from which XDhl20 d e r i v e s , i s 
shown. Fragments hybr id iz ing with N09-15 DNA are under l ined. 
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a mixture of O.hydei DNA, containing four different allelic 
arrangements, was digested with Hind III and the appropria­
tely sized fragments were inserted in λΝΜ762. The resulting 
32 
clones were screened with Ρ labeled N09-15 DNA to detect 
the 2-48B clones. Twenty independently isolated clones were 
further analyzed: eighteen contained an insert similar to 
the one in XDhl20, while ADh815 is a representative of the 
other two. The restriction maps of the inserts of these two 
phages are shown in fig. 3: ADhl20 contains an 8.5 kb in­
sert while the insert of XDh815 is 11 kb long. H-cRNA 
transcribed from either Xclone hybridizes exclusively to 
locus 2-48B in situ (fig. 4B and 4C). However, both inserts 
are considerably shorter than expected from the genomic 
restriction maps. To show that this shortening occured 
during the cloning procedure and that these two clones 
indeed derive from two different 2-48B allelic arrangements, 
32 
Ρ labeled XDhl20 or XDh815 was hybridized to blots of va­
rious restriction digests of genomic DNA. The resulting 
32 
hybridization pattern was compared with that of Ρ labeled 
N09-15 DNA (see also: Peters et al., 1982). Both Aciones 
showed identical hybridization patterns, which included the 
hybridization pattern of N09-15 DNA. For example, as shown 
in fig. 4E, ADh8l5 hybridizes heavily to Msp I fragments of 
the same size as those hybridizing with N09-15 DNA (fig. 4D) 
and of the size expected from the maps shown in fig. 1. Two 
additional Msp I fragments (2.0 and 0.5 kb) homologous to 
XDh8l5 are found: these are of the same size in a mixture 
of DNA containing the allelic arrangements A and В (fig. 
4E, lane 1) and in В alone (fig. 4E, lane 2) and must de­
rive from the regions flanking the N09-15 sequences (see 
also fig. 1). No Msp I fragments are found of the same 
length as the internal Msp I fragments of XDh815. Similar 
results were obtained with other restriction enzyme digests. 
Therefore we conclude that the two Aciones indeed contain 
genomic DNA derived from locus 2-48B and that the repeats 
present at this locus were partially lost during cloning. 
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Fig. 4. А-с In situ hybridization pattern of various cloned DNA sequen­
ces. A: In situ hybridization on polytene chromosomes of D. hydei with 
3H-cRNA of N09-15; B: with 3H-cRNA of ÀDhlZO; С: Зн-cRNÄ of ADh815. 
Only locus 2-48B is labeled. The concentration of cRNA was 5.10^ cpm/μΐ 
for N09-15, 3.105 cpm/μΐ for XDhl20 and 2.105 cpm/yl for ADh815. Expo­
sure time was 7 days. For hybridization conditions, see Materials and 
Methods. 
Fig. 4. D-Ε Hybridization patterns of Msp I digested genomic DNA. D: DNA 
containing the allelic arrangements A and В hybridized with ^^P labeled 
N09-15 DNA. E: DNA containing the allelic arrangements A and В (lane 1) 
or В alone (lane 2) hybridized with 3 2P labeled ÀDhBlS DNA. The 2.0 kb 
and 0.5 kb hybridization bands are not detected after hybridization 
with N09-15 DNA. For conditions, see Materials and Methods. 
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The restriction maps of ADhl20 and XDh815, as shown in 
fig. 3 are not easily homologized with any of the allelic 
arrangements shown in fig. 1. ADhl20 however, contains a 
second Eco RI site in the insert and since В is the only 
allelic arrangement that also contains two Eco RI sites in 
this region, ADhl20 must derive, as indicated in fig. 3, from 
the arrangement B. About 4.5 kb DNA must have been lost 
during cloning. How XDh815 is derived from any of these 
allelic arrangements is unknown: its length makes derivation 
from allelic arrangement A unlikely while the lack of an 
additional Eco RI site excludes В as its ancestor. The num­
ber of Tag I and Msp I sites suggests allelic arrangement 
D as its ancestor rather than C. Note that the 0.5 kb Taq I 
fragment in ADh8l5 does hybridize with N09-15 DNA, while 
the genomic 0.5 kb Taq I fragment, situated in the same re­
lative position, does not (see fig. 1). 
Since these Aciones have lost part of the 2-48B se­
quence, an attempt was made to clone this sequence from a 
Sau ЗА partial digest of DNA homozygous for allelic arrange­
ment В inserted in a cosmid vector. Two cosmid clones, 
cDh31 and cDhlVl, were obtained. 
These two clones showed extensive cross hybridization 
with each other and, as also indicated by their restriction 
maps (fig. 5), contain overlapping DNA fragments. They both 
hybridize exclusively to locus 2-48B гп st tu (data not 
shown). The pattern of cross hybridization between these 
cosmid clones and N09-15 DNA or XDhl20 was deliniated by 
probing a variety of double digests of cDh31 DNA or cDhlVl 
DNA with Ρ labeled ADhl20 DNA, N09-15 DNA or the isolated 
sequences flanking the N09-15 repeats in XDhl20. As indi­
cated in fig. 5 (solid lines) both cDh31 and cDhlVl show 
hybridization with the sequences flanking the N09-15 repeat 
region in ADhl20 for the 1.3 kb Eco RI - Hind III fragment 
adjoining the large Eco RI fragment to the right, while in 
cDhl71 further cross hybridization is found with the 1.5 kb 
Hind III - Xba I fragment at the left of the insert. Weak 
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Fig. 5. Restviabion maps of the cosmids aDhSl and oDhl71. The restriction sites are 
indicated as in fig. 1 and Sa = Sal I, Ρ = Pst I. The broad region indicates the vector, 
the dotted line indicates the region hybridizing with N09-15 DNA, while the underlined 
regions are homologous with the flanking regions in the Xclones. The various Eco RI 
fragments, referred to in the text, are indicated with a to f. 
hybridization with the N09-15 repeat is found in the region 
in between (dotted lines in fig. 5). When genomic digests 
32 
were probed with either Ρ labeled cDh31 or cDhl71 DNA, not 
all of the bands found correspond in size with those found 
in the cosmid clones. For example, an Eco RI digest of DNA 
32 
containing allelic arrangement B, when hybridized with Ρ 
labeled cDh31 DNA, lacks both the 18 kb (as determined from 
its size m cDhlVl, fragment a in fig. 5 and 6) Eco RI cos-
mid fragment and the 3.8 kb Eco RI cosmid fragment (fragment 
b of cDh31 and cDhlVl in fig. 5 and 6). Instead heavy labeling 
is found of the 15 kb Eco RI fragment, expected from allelic 
arrangement В of the 2-48B region (fig. 6, lane 3) and two 
bands are seen of the sxze expected for the right hand flank­
ing sequences of this region (1.0 and 3.1 kb, see fig. 1). 
Similarly, when an Eco RI restriction digest of DNA con-
32 taming allelic arrangement A is probed with Ρ labeled 
cDh31 (fig. 6, lane 4), again the 18 kb cosmid fragment 
(fragment a in fig. 5) and the 3.8 kb cosmid fragment (b in 
fig. 5) are missing but a 4.1 kb fragment is seen instead 
(the same size as the right hand flanking fragment of al­
lelic arrangement A (see fiq.l) together with a large Eco RI 
fragment of the size expected for the allelic arrangement A 
of the 2-48B region. Furthermore, the 6.1 kb Eco RI cosmid 
fragment (d in fig. 5), which is found in the DNA of ar­
rangement B, is replaced by a 5.8 kb fragment in the DNA of 
the allelic arrangement A. The right most Eco RI fragment 
of cDh31 (fragment e in fig. 5) is derived from a 15 kb 
genomic Eco RI fragment (small arrows m fig. 6, lane 4 and 
5). This fragment can only be seen in digests of DNA con­
taining the arrangement A since the '2-486' Eco RI fragment 
of arrangement В has the same size. In a Hind III digest of 
DNA homozygous for arrangement В all bands but the largest 
Hind III cosmid fragment are found; the latter band is re­
placed by the '2-48B' Hind III fragment (data not shown). 
Similar results were obtained when genomic blots were probed 
32 
with Ρ labeled cDhlVl. 
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3 4 5 6 
Fig. 6. Hybridization pattern of депотьв DNA with oDhSl DNA. The ethi-
diumbromide stained UV patterns of the Eco RI digests of cDhl71 and 
cDh31 are shown for comparison in lane 1 and lane 2 respectively. In 
lane 3 to 6 the hybridization pattern is shown of various Eco RI di-
gested genomic DNAs with Ρ labeled cDh31. Lane 3: DNA of allelic 
arrangement B· lane A: DNA of allelic arrangement A; lane 5: the double 
mutant Df^e^'/Df(2)8^' (see also fig. 8); lane 6: DNA of the hetero­
zygote Df(2)e ^/allelic arrangement В (see also fig. 7 and 8). The 
genomic fragments corresponding to the 6.7 kb Eco RI fragment of 
cDh31 (fragment e, fig. 5) are indicated by small arrows in lane 4 and 
5. The heavy arrows in lane 5 and 6 indicate the altered restriction 
fragments from the Df(2)e31 chromosome (lane 5) and the Df(2)e 
chromosome (lane 6). The unlabeled bands in the ethidiumbromide stained 
UV patterns of the cosmid digests are vector bands, the other bands are 
marked as in fig. 5. Genomic bands which do not correspond directly 
with cosmid fragments are indicated with their length in kb. 
If one compares the restriction map of the two cosmid 
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Fig. 7. The orientation of the genomic atones on the chromosome. 
Top: The res t r ic t ion map of cDhI71 with the breakpoint of Df(2)e 2 0. 
Middle: The restr ict ion map of the a l le l ic arrangement B, shown for 
comparison. 
Bottom: The res t r ic t ion map of the Df(2)e3 ' chromosome, with the break­
point as indicated. The relative position of the various restr ict ion 
maps with regard to the telomere and centromere is also shown. The re­
s t r ic t ion s i tes are indicated as in fig. I, the underlined regions in 
the maps at the bottom and the middle show the fragments hybridizing 
with N09-15 DNA. 
P e t e r s e t a l . , 1982), one f i n d s a c l o s e c o r r e s p o n d e n c e 
between t h e r e s t r i c t i o n s i t e s f l a n k i n g t h e N09-15 r e p e a t s 
in t h e genome ( t o t h e e x t e n t t h a t t h e y can be de termined 
a c c u r a t e l y by probing w i t h N09-15 o r XDhl20 DNA) and t h e 
r e g i o n s of cDh31 and cDhlVl t o t h e r i g h t of t h e 3.8 kb 
Eco RI fragment (b in f i g . 5) and t h e l e f t of t h e l e f t 
Xba I s i t e in cDhlVl. This c o r r e s p o n d e n c e , t h e absence of 
t h e 3.8 kb and 18 kb Eco RI cosmid f ragments ( r e s p e c t i v e l y 
fragment b and a in f i g . 5) and t h e p r e s e n c e of a l l but t h e 
l a r g e s t Hind I I I cosmid fragment in t h e genome, t o g e t h e r 
w i t h t h e f a c t t h a t the sequences f l a n k i n g t h e N09-15 r e p e a t 
r e g i o n m XDhl20 or XDh8l5 show t h e h y b r i d i z a t i o n b e h a v i o u r 
e x p e c t e d of unique sequences ( i . e . one f ragment, weak s i g ­
n a l ) , l e a d us t o conclude t h a t t h e genomic N09-15 r e p e a t 
r e g i o n h a s been a l t e r e d d u r i n g c l o n i n g in cosmid v e c t o r s . 
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The scrambling of this reaion (dotted lines in fig. 5) is 
different in cDh31 and cDhl71: although the Msp I sites have 
not been mapped, those Msp I fragments that derive from this 
region as indicated by their cross hybridization with N09-15 
DNA differ in size between cDh31 and cDhl71 and, of course, 
do not correspond to any of the genomic Msp I fragments. 
The 0.3 kb deletion in the 1.0 kb and 3.1 kb Eco RI genomic 
fragments to yield the 3.8 kb Eco RI cosmid fragment (b m 
fig. 5), has resulted in the loss of an Eco RI site in both 
cosmids. The organization of the right hand region of both 
cDh31 and cDhl7l corresponds to that of the genome at least 
up to the Xba I site in the 3.8 kb Eco RI fragment (b in 
fig. 5) as does that of the left hand region from the left 
Xba I site of cDhl71. Thus, although the organization of 
the N09-15 repeat region has been altered, the organization 
of the regions flanking these repeats has been preserved 
during cloning both in λ and in cosmid vectors. 
The orientation of the genomic clones in the genome. 
A variety of deletions of the 2-48B heat shock locus have 
been obtained by screening X-ray irradiated flies for newly 
induced mutations for the closely linked ebony locus. DNA 
from flies heterozygous for such deletions was further ana­
lyzed by restriction mapping. One of these deletions, 
20 
Df (2)e showed an altered restriction fragment when probed 
32 
with Ρ labeled cDh3l DNA (fig. 6, lane 6). Measurements 
of the hybridization intensity of the various bands in 
Eco RI and Hind III digests indicated that the breakpoint 
of this deletion is located in the 8.4 kb Eco RI fragment 
(с, fig. 5). A second deletion, Df(2)e showed altered 
32 
restriction fragments when probed with Ρ labeled \Dhl20 
DNA. Further mapping of this deletion yielded the map shown 
in fig. 7. The N09-15 sequence hybridizes only to the 
Sst I - Taq I fragment and the restriction sites to the 
right of the Taq I site are identical to those found in the 
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Fig. 8. A: Wop of i t e tip of the second ahvomoaome of D. hydei. 
The arrow shows the heat shock band 2-48B8 (Grond e t a l . , 1983). The 
d e l e t i o n s s t 4 1 , e31 and e20 are ind ica ted . 
B: The double mutant Df(2ieZ1/Df(2)st41. The chromosomes asynapse a t the 
t i p of the second chromosome, the telomeres are s t i l l paired (arrow) 
C: Transcription autoradiography of the double mutant Df(2)e¿I/Df(2)st41. 
Heat shocked sa l iva ry glands were prepared for autoradiography as des -
cr ibed (Sondermeyer and Lubsen, 1979). The heat shock loc i 2-32A and 
2-36A are ind ica ted , the heavy arrow po in t s to region 2-48B of the 
Df(2)e chromosome. Exposure time was 3 days. 
a l l e l i c a r r a n g e m e n t В (an a d d i t i o n a l Eco RI s i t e i s f o u n d 
i n t h e 1.3 kb Eco RI - H i n d I I I f r a g m e n t ) . 
S i n c e t h e e b o n y l o c u s i s l o c a t e d d i s t a l l y from t h e 
h e a t s h o c k l o c u s 2-48B (Grond e t a l . , 1982) and c y t o l o g i c a l 
a n a l y s i s of D f ( 2 ) e 3 1 and D f ( 2 ) e 2 0 showed t h a t t h e s e d e l e ­
t i o n s i n d e e d e x t e n d d i s t a l l y f rom 2 - 4 8 B 8 , t h e band p r e v i o u s ­
l y i d e n t i f i e d a s t h e b a n d c o n t a i n i n g t h e h e a t s h o c k l o c u s 
1 0 6 
(Grond et al., 1983), the orientation of the restriction map 
on the chromosome must be as indicated in fig. 7. 
To determine whether the truncated 2-48B unit in 
Df(2)e is still transcriptionally active during a heat 
31 41 
shock, flies heterozygous for Df(2)e and Df(2)st (fig. 
8A and 8B) were constructed. This double deletion mutant 
was used because the two sister chromosomes asynapse in 
region 2-48, although the telomeres remain paired. The 
Df(2)e chromosome is then easily identified (fig. 8B). 
After heat shock the incorporation pattern of H labeled 
RNA precursors was analyzed by autoradiography (fig. 8C). 
No label was detected over the region 2-48B in the Df (2)e 
chromosome, while significant label is detected over the 
41 
same region in Df(2)st chromosome. Heavy label can be seen 
over the heat shock loci 2-36A and 2-32A. 
Since the deletion Df(2)e shows no transcriptional 
activity at locus 2-48B during a heat shock, the transcrip­
tion unit, or at least its promotor, must be located dis-
tally from the breakpoint in that deletion. 
The localization of the transcription unit in the genomic 
clones. 
It has been previously shown that the RNA present in the 
puff at locus 2-48B in salivary glands has a size of 40S 
(Bisseling et al., 1976). In a tissue culture cell line, 
heterozygous for allei A and B, two transcripts, 9.4 kb and 
9.1 kb long are found (fig. 9, lane 1 and 2) while in a cell 
line homozygous for allei В only the 9.4 kb transcript is 
seen (fig. 9, lane 3) when probed with N09-15 DNA. No other 
transcripts are found by probing with XDh8l5 or cDh31 DNA. 
The genomic clones thus contain only one transcription unit 
which is about 9 kb long and covers at least some of the 
N09-15 repeats. To place the transcription unit more exactly, 
32 
Ρ labeled cDNA was copied from total poly A+ heat shock 
RNA, either by random priming (Maniatis et al., 1982) or by 
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Fig. 9. Northern blotting of total poly A+ heat shook RNA. 
Total poly A+ heat shock RNA was blotted after formaldehyde-agarose 
electrophoresis as described in the Materials and methods. Lane 1: 
RNA from a cell line heterozygous for a l l e i A and В after hybridization 
with 3 2 P labeled N09-15 DNA. Lane 2: as in lane 1, but hybridization 
with 32p labeled XDh815. Lane 3: RNA from a cell line homozygous for 
a l l e i В after hybridization with 3 2 P labeled ADh815. 
p r i m i n g w i t h o l i g o dT. We expected t h e randomly primed cDNA 
t o c o n t a i n a l l sequences from t h e 2-48B t r a n s c r i p t i o n u n i t 
i n c l u d i n g p o s s i b l e unique e n d s , w h i l e t h e o l i g o dT primed 
cDNA p r e p a r a t i o n should behave as t h e N09-15 sequence. How-
32 
e v e r , as shown i n f i g . 10, b o t h Ρ l a b e l e d cDNA p r e p a r a t i o n s 
showed t h e same h y b r i d i z a t i o n b e h a v i o u r : when a Msp I d i g e s t 
of XDh8l5 was probed, heavy h y b r i d i z a t i o n was seen t o t h e 
2.4 kb Msp I fragment which i s l o c a t e d a t t h e d i s t a l s i d e 
of t h e i n s e r t and very l i t t l e h y b r i d i z a t i o n was seen t o t h e 
i n t e r n a l Msp I f ragments which c o n t a i n t h e N09-15 s e q u e n c e s . 
S i m i l a r r e s u l t s were o b t a i n e d when a d i g e s t of ADhl20 was 
p r o b e d . As e x p e c t e d from t h e Msp I h y b r i d i z a t i o n p a t t e r n , 
randomly primed cDNA h y b r i d i z e d h e a v i l y t o t h e 1.5 kb 
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Fig. 10. The hybridization pattern of aDNA. 
Lane 1: ethidiumbromide stained UV pattern of Msp I digested XDh815 DNA. 
Lane 2 : hybridization of Ρ labeled randomly primed cDNA from tota l 
poly A+ heat shock RNA with Msp I digested XDh815. Lane 3: hybridization 
of oligo dT primed, -^P labeled cDNA from tota l poly A+ heat shock RNA 
to Msp I digested ADh815. Lane 4: hybridization of random primed Ρ 
labeled cDNA from nuclear heat shock poly A+ RNA to a Hind III - Xba I 
double digest of cDhlVl DNA. The size (in kb) of the heavily labeled 
fragments i s indicated. The 3.3 kb fragment in lane 4 i s fragment g 
in figure 5. 
Hind I I I - Xba I fragment of XDh815, which i s l o c a t e d w i t h i n 
t h e 2.4 kb Msp I fragment and t o t h e c o r r e s p o n d i n g fragment 
of cDhl71 ( f i g . 10, l a n e 4 ) . In t h e Hind I I I - Xba I d i g e s t 
of cDhlVl f u r t h e r h y b r i d i z a t i o n i s d e t e c t e d t o t h e 3.3 kb 
Hind I I I fragment n e i g h b o u r i n g t h e 1.5 kb Hind I I I - Xba I 
fragment on t h e d i s t a l s i d e ( f i g . 5, fragment g ) . 
Ol igo dT primed r e v e r s e t r a n s c r i p t i o n of h e a t shock 
poly A+ RNA a p p a r e n t l y y i e l d s two cDNA s p e c i e s homologous 
t o XDh8l5: t h e N09-15 sequence (which must be r e l a t i v e l y 
r a r e as judged from t h e low i n t e n s i t y of h y b r i d i z a t i o n t o 
t h e i n t e r n a l Msp I f ragments of t h e λ c l o n e s ) and a sequence 
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Fig. 11. Detection of oligo A blocks in the alones. 3 2 P labeled oligo dT 
was hybridized to Msp I digested N09-15 DNA (lane 1), Msp I digested 
XDh815 DNA (lane 2), Msp I digested XDhl20 DNA (lane 3) and to 
Eco RI - Xba I double digests of XDh815 DNA (lane 4) and XDhl20 (lane 5). 
The positions of the various hybridizing fragments are indicated on 
the restr ic t ion maps of XDh815 and XDhl20. Note that the Eco RI -
Xba I double digests are incomplete, a number of par t ia l digest bands 
are seen. 
homologous t o t he d i s t a l s i d e of t h e i n s e r t s in t he λ c l o n e s 
a s d e f i n e d by t h e 2.4 kb Msp I fragment in XDh8l5 or t h e 
1.5 kb Hind I I I - Xba I fragment of c D h l 7 1 . 
S ince XDh815 and N09-15 h y b r i d i z e t o t h e same RNA 
s p e c i e s (see f i g . 9 l a n e 1 and 2 ) , t h i s RNA s p e c i e s must 
g i v e r i s e t o two o l i g o dT primed cDNA s e q u e n c e s . The most 
l i k e l y e x p l a n a t i o n f o r t h i s phenomenon i s t h e p r e s e n c e of 
i n t e r n a l o l i g o A sequences i n t h e t r a n s c r i p t . We t h e r e f o r e 
32 
hybridized Ρ labeled oligo dT (Ilyin et al., 1980) to 
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blots of Msp I digests or Eco RI - Xba I double digests of 
either XDhl20 or XDh815 (fig. 11). Heavy labeling was found 
to the distal Msp I fragments of XDh815 (fragment a in fig. 
11) and XDhl20 (fragment b in fig. 11) and to the corres­
ponding Eco RI - Xba I fragments (c and f in fig. 11). 
Furthermore, in the case of XDhl20, but not XDh815, labeling 
was found of the internal Xba I - Eco RI fragment (fragment 
g in fig. 11). In neither clone are any of the internal or 
proximal Msp I fragments labeled. Both clones thus contain 
oligo A sequences: m clone XDh8l5 these are confined to the 
Hind III - Xba I fragment, while in clone XDhl20 a further 
oligo A stretch is found between the Xba I site and the 
next Msp I site. In these experiments the oligo A block 
present in the N09-15 clone could just be detected (fig. 11, 
lane 1), the lower limit of detection of an oligo A block 
is thus about (A).,. Note that under the conditions under 
which the cDNA hybridization experiments were performed 
(stringent wash and prehybndization of the probe with 
32 poly A) no hybridization of Ρ labeled oligo dT itself is 
found: the hybridization of the cDNA to the distal side of 
the cloned sequences is thus not due to their oligo dT 
tails. 
DISCUSSION 
One of the problems that haunts the study of the structure 
and function of heat shock locus 2-48B is the difficulty 
encountered in cloning the DNA of this locus: although we 
have isolated genomic DNA fragments cloned either in λ or 
cosmid vectors, the clones obtained only partially reflect 
the organization of the genomic DNA itself. A complete 
analysis of the structure of this locus may well require 
the isolation of series of small, overlapping genomic clones. 
Nevertheless, our data show that the transcription unit of 
locus 2-48B must have an unusual structure. The size of the 
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transcription unit apparently depends on the allei being 
transcribed: allei A yields a 9.1 kb transcript while from 
allei В a 9.4 kb transcript is found. The location of the 
transcription unit within the cloned regions is indicated 
by the pattern of hybridization of cDNA transcribed from 
total (or nuclear) poly A+ heat shock RNA: hybridization is 
found mainly with the distal Hind III - Xba I fragment of 
XDhl20 or XDh8l5 and of this fragment and its neighbouring 
3.3 kb Hind III fragment in cDhl71 (fragment g in fig. 5). 
The transcription unit thus includes the distal sequences 
flanking the N09-15 repeat and the N09-15 repeat itself, 
but if about 9 kb long, is too short to cover all of the 
N09-15 repeats. Indeed, it is tempting to suggest that the 
transcription unit covers only the more conserved distal 
regions of the various allelic arrangements. In this case 
the transcription unit would contain at most two of the 
N09-15 repeats (Peters et al., 1982) and the repetitive 
behaviour of its RNA product in гп sbtu hybridization ex­
periments (Lubsen et al., 1978) would be caused by cross 
hybridization with N09-15 repeats outside the transcription 
unit. 
The transcription unit further contains at least one 
internal oligo A sequence, which serves as an efficient 
template for oligo dT primed reverse transcription. The 
corresponding cDNA was not detected m our collection of 
cDNA clones, presumably because we screened this collection 
by гп sbtu hybridization (Peters et al., 1982). In such a 
screen an unique cDNA sequence is much more difficult to 
detect than the internally and externally repetitive N09-15 
sequence. Since this latter sequence does not contain a 
consensus poly A addition signal, it may well also be derived 
from an internal oligo A stretch. However, such a stretch 
must be located in the region of the genome missing from 
our clones. 
Our data suggest that the transcription unit of locus 
2-48B contains two different sequence domains: the one loca-
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ted at the distal end and, based on cytological data (J. 
Derksen, manuscript in preparation) probably the 5' end, 
consists of an unique sequence, while the second domain, 
on the probable 3' end is repetitive. These two domains 
are linked by an oligo A stretch. The repetitive tail of the 
RNA may well be involved in the formation of the large com­
plex RNP particles found at this locus (and at locus 93D 
in D. melanogaster; Dangli et al., 1983). Our data also 
suggest that the highly polymorphic proximal side of the 
allelic arrangement of the N09-15 sequence is outside the 
transcription unit and has probably no functional signifi­
cance . 
The number of N09-15 repeats in the different allelic 
arrangements varies, at least as determined from the hy­
bridization intensity of these repeats with various genomic 
fragments. From our previous published data (Peters et al., 
1982) it may be calculated that maximally about 50% of the 
DNA sequence consists of N09-15 repeats. Whether the re­
mainder of the DNA sequence is unique or whether it consists 
of other tandem repeats is not known: we have been unable 
to isolate an 'internal' restriction fragment from any of 
our Aciones that does not contain the N09-15 repeat. How­
ever, the instability of the arrangement both during cloning 
and in nature, as evidenced by the high degree of polymor­
phism, does suggests a highly repetitive overall sequence. 
The N09-15 sequence is not found in D. melanogaster 
(Peters et al., 1982), nor have we found a hybridization 
signal when D. melanogaster or D. гггігз DNA digests are 
probed with XDhl20 or XDh8l5. A clear hybridization signal 
32 is found if such digests are probed with Ρ labeled cDh31 
or cDhl71 DNA. Since cDh31 DNA labels two bands in a Hind 
III digest of D. melanogaster DNA while only one of these 
bands is labeled when cDhl71 DNA is used as a probe (Peters, 
unpublished), the homology with D. melanogaster must be 
located at the proximal end of the cDh3l insert. This indi­
cates that on the proximal side, no clear homology is ^ound 
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between D. hydei and D. melanogaster DNA until about 10 kb 
from the N09-15 repeats and the 2-48B transcription unit. 
We have thus not been able to identify a part of the 
transcript of this locus that has sequence homology with 
locus 93D of D. melanogaster. However, we assume that its 
function, whatever it may be, will require some kind of 
interaction with other cellular components and that such an 
interaction will provide a conservative selective pressure 
on the properties of the transcript. A comparison with the 
organization of the transcript of locus 93D of D. melanogas­
ter would be very instructive in this respect, but unfortuna­
tely, very little is known about the structure of this locus. 
Further study of these loci is required before an (experi­
mentally supported) hypothesis about the function of these 
loci in the heat shock response can be formulated. 
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The heat shock response in Drosophila hydei is the general 
topic of this thesis. In particular we have studied the 
structure of one of its heat shock loci, namely locus 2-48B, 
in order to elucidate its function in the heat shock res­
ponse . 
The model of the structure of the 2-48B transcription 
unit presented in chapter 5 is a complex one: the distal 
region contains an unique sequence, the proximal region a 
repetitive one, and these two regions are linked by a 
stretch of oligo A. This model of the transcription unit re­
quires a reinterpretation of earlier data: 
-It implies that most of the polymorphic arrangement 
of the N09-15 repeats (chapter 4 and 5) is located outside 
the transcription unit and is without functional signifi­
cance. Indeed, the difference in length between the trans­
cripts of allei A and allei В is smaller than the difference 
in length between the corresponding allelic arrangement of 
the N09-15 repeats. 
-The rapid sequence divergence between the transcript 
of locus 2-48B and its homologs in other Drosophila species 
as shown by the η s-· tu hybridization experiments presented 
in chapter 2 applies only to the N09-15 repeat region: even 
at saturation only about 50% of the grains would be due to 
unique sequences, at hybridization levels below saturation 
this percentage would be much lower. 
-It implies that the genomic clones may not contain the 
distal part of the transcription unit. For example, if the 
transcription unit contains only one N09-15 sequence, then 
about 2 kb of the transcription unit remains to be cloned. 
Even with our genomic clones, which cover at least 7 
kb of the 9 kb transcription unit, no sequence homology with 
locus 93D of D. melanogaster is detectable. If such a homo-
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logy exist, it must occur in the regions missing from our 
clones: either at the distal end or in the sequences lost 
during cloning from the proximal end. The evolutionary con-
servation of heat shock loci with properties strikingly si-
milar to those of locus 2-48B in all Drosophila species 
examined indicates that these loci do have a function in the 
heat shock response, in spite of the lack of sequence ho-
mology. 
Our working hypothesis is that the complex sequence 
arrangement of the 2-48B transcript is necessary for the 
formation of the complex RNP particle and may be more indi-
cative of the evolutionary origin of the sequence than its 
present day function. Only a short sequence of the trans-
cript may be functionally required. This short sequence 
would then also be expected to show sequence homology be-
tween various Drosophila species. Whether processing of the 
large transcript is necessary is an open question: no pro-
cessing products have been detected in D. hydei , however, 
such experiments are inconclusive unless one can be certain 
that all of the transcribed sequences have been cloned. In 
summary, the nuclear transcript of locus 2-48B may be a heat 
shock specific 'small nuclear' RNA (snRNA). Support for this 
suggestion comes from the experiments of Dangli et al.(1983), 
who have shown that the RNP product of locus 2-48B (and 
that of locus 93D in D. melanogastev) reacts specifically 
with a monoclonal antibody, Q18, raised against nuclear 
proteins (Saumweber et al., 1980). The Q18 antigen has been 
further characterized by Risau et al. (1983a, 1983b), who 
showed this antigen to be associated with snRNP-like parti-
cles in D. melanogastev tissue culture cells (at 25 C) and 
suggested that this antigen plays a role in the processing 
of RNA. The alternative suggested by Dangli et al. (1983), 
namely that these complex RNPs of locus 93D or 2-48B serve 
as storage particles, is difficult to reconcile with a 
functional role in the heat shock response. 
SnRNA has been implicated in the processing of RNA 
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(Busch e t a l . , 1982 a n d l i t e r a t u r e c i t e d t h e r e ) , b u t a r o l e 
f o r h e a t s h o c k s p e c i f i c snRNA i n t h e p r o c e s s i n g o f RNA s e e m s 
u n l i k e l y s i n c e t h e g e n e f o r h s p 8 3 i s t h e o n l y h e a t s h o c k 
g e n e t h a t c o n t a i n s an m t r o n (Holmgren e t a l . , 1981) and i t s 
t r a n s c r i p t i s p r o c e s s e d n o r m a l l y a t 25 C. S i n c e t h e t r a n s -
l a t i o n a l r e s p o n s e i s a l s o s e e n i n t h e p r e s e n c e of a c t i n o -
mycin D, a f u n c t i o n f o r h e a t s h o c k snRNA i n t h e s h u t t - o f f 
of t h e s y n t h e s i s of t h e 25 С p r o t e i n s a l s o a p p e a r s t o b e e x ­
c l u d e d ; b u t i t c o u l d , f o r e x a m p l e , b e r e q u i r e d f o r t h e e f­
f i c i e n t t r a n s l a t i o n of t h e h e a t s h o c k mRNAs t h e m s e l v e s . A l ­
t e r n a t i v e l y , ' h e a t s h o c k snRNA' c o u l d p l a y a r o l e i n t h e 
r e g u l a t i o n a t t h e t r a n s c r i p t i o n a l l e v e l : l i t t l e i s known 
a b o u t , f o r e x a m p l e , t h e s t e p s t h a t l e a d t o a s i l e n c i n g of 
' n o r m a l l y ' a c t i v e l y t r a n s c r i b e d l o c i d u r i n g a h e a t s h o c k . 
I t i s c l e a r t h a t f u r t h e r s t u d i e s of t h e m o l e c u l a r o r ­
g a n i z a t i o n of l o c u s 2-48B and i t s t r a n s c r i p t a n d of m u t a n t s 
w h i c h l a c k l o c u s 2-48B a r e r e q u i r e d t o d e f i n e t h e r o l e of 
t h i s l o c u s i n t h e h e a t s h o c k r e s p o n s e . 
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SUMMARY 
The heat shock system in D. melanogaster and D. hydei are 
comparable and the protein coding heat shock genes in D. 
melanogaster and D. hydei show sequence homology. In chap­
ter 2 we demonstrated that cloned sequences of D. melano-
gastev protein coding heat shock genes hybridize to the ma­
jor heat shock loci in D. hydei. A clone containing the aB 
sequences of locus 87C did not show any hybridization to D. 
hydei: this was not surprising since these sequences were 
not even found in D. simulans, a species closely related to 
D. melanogaster. One major heat shock locus in D. melano-
gastev, locus 93D, has apparently no sequence homology in 
the transcribed region with its cytological homolog m D. 
hydev, locus 2-48B. In chapter 2 we have demonstrated this 
by experiments in which in vivo labeled Η heat shock RNA 
of D. hydei, D. mei ano g as ter and D. іггіів was cross hybri­
dized in situ. Similar experiments showed that there is a 
rapid divergence m the transcribed region of locus 2-48B 
even when members of the same subgroup as D. hydei are com­
pared. With the aid of first a cDNA clone (N09-15) in chap­
ter 4 and later genomic clones in chapter 5, we show that 
different stocks of D. hydei contain different arrangements 
of the N09-15 repeat sequence: five allelic arrangements 
have been found thus far. In chapter 5 we demonstrated that 
most of the polymorphic N09-15 repeat arrangement is located 
outside the transcribed region of locus 2-48B. The sequence 
of the transcript itself may thus be better preserved than 
suggested by the results of the гп situ hybridization ex­
periments, which measure primarily the hybridization to the 
repetitive regions. 
As outlined in chapter 5, the sequence of the exter­
nally repeated N09-15 cDNA clone is also repeated internal­
ly. This clone consists of at least four almost identical 
115 basepair sequence blocks, with no open reading frame nor 
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a poly A addition signal. 
Several genomic clones of the 2-48B region, namely 
two λ clones (XDhl20 and ADh8l5) and two cosmid clones 
(cDh31 and cDhlVl), were also isolated. In each of these 
clones part of the N09-15 region was lost or altered during 
cloning; however, the unique sequences flanking the N09-15 
region remained intact. The cosmid clones cover about 38 kb 
of genomic DNA. In this region only one transcription unit 
coding for the RNAs containing the N09-15 sequence was found. 
This transcription unit contains at least one oligo A block, 
which separates the two different sequence domains of the 
transcription unit: an unique distal domain and a proximal 
repetitive domain which also must contain at least one 
N09-15 repeat. The exact size of the transcription unit de­
pends upon the allei: allei A yields a 9.1 kb RNA and allei 
В a 9.4 kb RNA. 
In chapter 3 we have shown that the heat shock gene 
of locus 2-48B is located in band 2-48B. This band contains 
40 kb of DNA as measured cytospectrophotometrically. The 
interband regions surrounding band B8 contain 1.5 kb DNA 
for the mterband B7-8 and 3.0 kb DNA for the interband 
B8-9. This excludes a complete transcription unit located 
in one of the interbands. It can however not be excluded 




Het heat shock systeem in D. melanogaster en in D. hydei 
vertoont veel overeenkomsten: de heat shock loei, dat zijn 
die plaatsen op het genoom die activiteit vertonen na een 
temperatuur verhoging, in D. melanogaster en D. hydei ver-
tonen onderling sequentie homologie, tenminste voor zover 
de heat shock loei coderen voor eiwitten, de 'heat shock 
proteïnen'. 
Deze sequentie homologie is aangetoond in hoofdstuk 2: 
gekloneerde sequenties van verschillende heat shock genen 
m D. melanogaster, die alle coderen voor een heat shock 
protein, hybridiseren met de belangrijkste heat shock loei 
in D. hydei. Een kloon, die de aß sequenties van locus 87C 
in D. melanogaster bevat, vertoonde echter geen sequentie 
overeenkomst; dit lag voor de hand aangezien reeds eerder 
aangetoond was dat deze αβ sequenties niet geconserveerd 
zijn in de evolutie. In D. simulane, een zeer nauw verwante 
soort van D. melanogaster, komt deze sequentie al niet meer 
voor. Er kan ook geen sequentie homologie aangetoond worden 
tussen de prominente heat shock loei 93D, 2-48B en 20CD van 
respectievelijk D. melanogaster, D. hydei en D. v i r i l i s . 
Deze drie loei zijn cytologisch gezien homoloog. Het gebrek 
aan sequentie overeenkomst is aangetoond door middel van 
kruishybridisatie van in vivo gelabeld heat shock RNA van 
die drie organismen op de polytene chromosomen. Aangezien 
er voor deze loei geen overeenkomst m hun transcript gevon­
den kon worden, is er gekeken of een dergelijke conservatie 
in de subgroep van D. hydei wel aangetoond kon worden. Uit 
deze experimenten bleek dat de getranscribeerde sequenties 
binnen deze subgroep al snel divergeerden. 
In hoofdstuk 4 en 5 tonen we met behulp van een cDNA 
kloon (N09-15) en verschillende genoom klonen aan dat in 
D. hydei zelf verschillende allelische structuren aanwezig 
zijn, die de N09-15 sequentie bevatten. In verschillende 
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stammen van D. hydei hebben we tot nu toe vijf van deze 
polymorfe DNA arrangementen gevonden in het gebied van lo-
cus 2-48B. In hoofdstuk 5 wordt er echter op gewezen dat het 
grootste gedeelte van deze polymorfie te wijten is aan ver-
anderingen in het gerepeteerde deel van het locus, dat buiten 
de transcriptie unit ligt. Dit impliceert dat het unieke 
deel van het transcript meer geconserveerd is dan uit de re-
sultaten van de in situ hybridisaties geconcludeerd kon wor-
den. Het betekent tevens dat het snel divergerende stuk van 
het locus waarschijnlijk zonder functie is. 
In hoofdstuk 5 is ook de nucleotide volgorde van de 
kloon N09-15 beschreven. Deze kloon komt niet alleen gere-
peteerd voor in het gebied van locus 2-48B, maar de N09-15 
sequentie zelf is ook intern repetitief: vier practisch i-
dentieke stukken van 115 bp werden gevonden. In deze geklo-
neerde sequentie zit geen zg. open reading frame, noch is 
er een poly A additie signaal aanwezig. 
Naast de cDNA kloon N09-15 zijn er vier genoom klonen 
geïsoleerd: twee λ klonen (XDhl20 en XDh8l5) en twee cosmid 
klonen (cDh31 en cDhl71). In geen van deze vier klonen is 
er m het gerepeteerde gebied sprake van een exacte afspie­
geling van het genoom DNA. Klaarblijkelijk zijn er DNA frag­
menten verloren gegaan gedurende de klonering. 
We hebben in de cosmid klonen, die elkaar voor een 
groot gedeelte overlappen en ongeveer 38 kb DNA omvatten, 
slechts één transcriptie unit gevonden, die de N09-15 se-
quentie bevat. Deze transcriptie unit bevat minstens éën 
oligo A blok, dat gelegen is tussen het unieke distale deel 
en het gerepeteerde proximale deel van de transcriptie unit. 
De lengte van deze unit hangt af van het allei: het trans-
cript van allei A is 9.1 kb en dat van allei В is 9.4 kb. 
In hoofdstuk 3 is de precíese plaats van het heat 
shock gen van locus 2-48B bepaald: namelijk band 2-48B8. Het 
DNA gehalte van deze band is spectrofotometrisch bepaald op 
40 kb. De interbanden aan weerskanten van band B8 bevatten 
1.5 kb en 3.0 kb DNA. Deze DNA gehaltes sluiten uit dat de 
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volledige transcriptie unit gelegen is in een van de inter-
banden. Het blijft echter mogelijk dat één van deze twee 
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